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MINUTES  OF  THE  SPRING  MEETING,  1924. 
Marengo,  Indiana. 


The  1924  Spring  Meeting  of  the  Academy  afforded  its  members  an 
opportunity  to  visit  some  of  the  caves  and  to  view  the  beautiful  scenery 
of  southern  Indiana, 

The  meeting  was  planned  to  occupy  three  clays,  Thursday,  Friday 
and   Saturday,  May   15,   16  and   17,   1924. 

The  members  present  were:  Esther  Adams,  A.  R.  Addington,  W. 
R.  Allen,  Flora  Anderson,  F.  M.  Andrews,  C.  A.  Behrens,  Marie  Bell, 
A.  J.  Bigney,  H.  R.  Bolen,  Mrs.  M.  H.  Clay,  Stanley  Coulter,  Glenn 
Culbertson,  E.  R.  Cumings,  J.  J.  Davis,  C.  C.  Deam,  Elizabeth  Dugan, 
D.  H.  Dunham,  J.  B.  Dutcher,  C.  H.  Eigenmann,  H.  E.  Enders,  Flor- 
ence Flemion,  A.  L.  Foley,  Mr.  and  Mrs.  R.  C.  Friesner,  R.  A.  Gantz, 
W.  G.  Gingery,  L.  L.  Huber,  Mary  Kellog,  C.  H.  Kennedy,  R.  E.  Kin- 
nett,  A.  C.  Kinsey,  C.  Knecht,  G.  A.  Loughridge,  F.  E.  Louraine,  B.  J. 
Malott,  C.  A.  Malott,  Verna  L.  March,  M.  S.  Markle,  H.  T.  Mont- 
gomery, J.  I.  Moore,  Harry  Mount,  F.  Payne,  N.  E.  Pearson,  C.  L. 
Porter,  R.  R.  Ramsey,  W.  E.  Riecken,  S.  A.  Rifenburgh,  L.  F.  Robertson, 
Will  Scott,  F.  C.  Senour,  R.  R.  Shrock,  C.  M.  Smith,  E.  R.  Smith, 
Chas.  Stoltz,  J.  E.  Switzer,  W.  M.  Tucker,  J.  M.  VanHook,  F.  B. 
Wade,  Paul  Weatherwax,  P.  D.  Wilkinson,  E.  B.  Williamson,  J.  H.  Will- 
iamson, I.  T.  Wilson  and  P.  A.  Young. 

There  were  also  a  number  of  scientists  from  neighboring  states 
present:  Mrs.  Chas.  H.  Baker,  Kenosha,  Wis.;  C.  L.  Hubbs,  Ann  Arbor, 
Mich.;  J.  C.  Koch,  White  Pigeon,  Mich.;  Mr.  and  Mrs.  W.  R.  Allen 
and  daughter,  Lexington,  Ky. ;  V.  T.  Jackson,  Chicago,  111.;  W.  C. 
Croxton,  J.  B.  Hawkes,  W.  B.  McDougall,  O.  Stark  and  P.  A.  Young 
of  Urbana,  111.;  C.  H.  Kennedy,  R.  C.  Osburn,  H.  C.  Sampson,  E.  S. 
Thomas  and  E.  N.  Transeau  of  Columbus,  Ohio;  A.  A.  Scheibenzuber, 
Mr.  and  Mrs.  C.  E.  Stout  and  Mr.  and  Mrs.  Ira  T.  Wilson  of  Tiffin, 
Ohio. 

Forty-eight  guests  from  various  parts  of  the  State  of  Indiana  en- 
joyed the  meetings  and  the  trips. 
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BUSINESS  SESSION. 


Marengo,  Ind.,  May  15,  1924. 

A  short  business  meeting  was  called  to  order  by  President  Deam  at 
7:40  o'clock  Thursday  evening,  in  the  Marengo  Opera  House.  The  presi- 
dent extended  a  welcome  to  the  visitors. 

F.  M.  Andrews,  acting  chairman,  outlined  the  program  and  trips 
for  the  evening  and  the  following  day. 

Invitations  were  read  requesting  the  Indiana  Academy  of  Science  to 
send  delegates:  to  the  Third  Pan-American  Scientific  Conference  to  be 
held  at  Lima,  Peru,  November  16,  1924;  and  to  the  International  Mathe- 
matical Congress  to  be  held   at   Toronto,   Canada,   August   11-16,   1924. 

Stanley  Coulter  moved  that  the  president  be  empowered  to  appoint 
delegates  to  represent  the  Academy  at  these  meetings.  On  second,  the 
motion  passed.  Later,  C.  H.  Eigenmann  was  appointed  to  represent 
the  Academy  at  the  Third  Pan-American  Scientific  Conference  at  Lima, 
Peru,  November  16,  1924;  and  I).  A.  Rothrock  was  appointed  to  repre- 
sent the  Academy  at  the  International  Mathematical  Conference  at 
Toronto,  Canada,  August  11-16,  1924. 

A  letter  to  F.  M.  Andrews  from  A.  W.  Butler,  asking  that  the 
Academy,  at  its  expense,  authorize  him  to  have  more  Bird  Migration 
blanks  printed,  was  read.  On  motion  and  second,  the  secretary  was 
instructed  to  write  to  A.  W.  Butler,  authorizing  him  to  have  the  blanks 
printed  at  the  expense  of  the  Academy. 

The  Membership  Committee  proposed  the  following  names.  On  mo- 
tion they  were  duly  elected. 

*Bolenbaugh,  Alta,  209  S.  Washington  St.,  Bloomington. 

Brandenburg,  Dr.   George  S.,  625  Russell   St.,  West  Lafayette. 

Brightly,  H.  S.,  P.  0.  Box  308,  Bedford. 

Cattell,  James  L.,  118  S.  Ninth  St.,  Lafayette. 

Childs,  Mrs.  Laura  Goff,  921  Atwater  Ave.,  Bloomington. 

Dickens,  Karl  LeVon,  105  Quincy  St.,  West  Lafayette. 

Evans,  Richard  I.,  1133  Fulton   St.,  Fort  Wayne. 
*Fowke,  Gerard,  Madison. 

Gregory,   Howard    Wilbur,   416   Harvey   Ave.,   West   Lafayette. 

Gunn,  John  Tevis,  733  N.  Grant  St.,  West  Lafayette. 

Halnon,  William,  1108  Morton  St.,  Bloomington. 
*Harshbarger,  Claude  H.,  Roachdale. 

Hepburn,   William   Murray,   118   Waldron    St.,   West   Lafayette. 

Holmes,  A.  W.,  Lafayette. 
*Hufford,  Francis  G.,  Bluffton. 

Hunter,  Allan  Richmond,  611   S.  Brandon  St.,  Kokomo. 

Jordan,  Charles  B.,  409  Russell  St.,  West  Lafayette. 

Jordan,  Ruth,  230  Harrison  St.,  West  Lafayette. 

*  Attended   the   meeting. 


Minutes  of  Spring  Meeting  13 

*Lacey,  Mrs.  Mary,  Ashley. 

♦Louraine,  Frank  E.,  R.  R.  No.  2,  Monroeville. 

McDougle,  G.  Marshall,  409  Alabama  St.,  Lafayette. 

Matthews,  Prof.  Mary  L.,  356  State  St.,  West  Lafayette. 
♦Michael,  Charles  LeVerne,  R.  R.  No.  1,  Russiaville. 

Peebles,  R.   W.,  1013   Hartford   St.,  Lafayette. 

Perkins,  Donald  Buford,  2245  Ashland  Ave.,  Indianapolis. 

Potter,  Andrey  A.,  1012  Seventh  St.,  West  Lafayette. 

Remmer,  Hermann  H.,  107   Sylvia   St.,  West  Lafayette. 
♦Ritter,  Mrs.  Arthur,  430  N.   State   St.,  Kendallville. 

Roberts,   George   L.,   421   University   St-,  West   Lafayette. 

Roehm,  John  Christian,  504  S.  Jackson  St.,  Greencastle. 
♦Robertson,    Floyd   C,   Morgantown. 
♦Seaton,  Jerome  P.,  443  Vine  St.,  West  Lafayette. 
♦Smith,  Mervin  S.,  Bluff  ton. 

Spindler,   Prof.   George   Washington,  413   University   St.,  West 
Lafayette. 
♦Thornbury,  William  David,  English. 
♦Tucker,  Helen  lone,  Seminary  St.,  Greencastle. 

Turner,  Prof.  W.  P.,  222  Lutz  St.,  West  Lafayette. 
♦Warner,  Walter  Allen,  Moores  Hill. 

Wells,  Dr.  Agnes  E.,  715  E.  Eighth  St.,  Bloomington. 
♦White,  A.  Edward,  Bluffton. 

Wickwire,   George  C,  Angola. 

Zufall,  Chalmers  J.,  2504  Main  St.,  Lafayette. 

In  the  absence  of  Chairman  Mottier,  Paul  Weatherwax  read  the 
report  of  the  Committee  on  Preservation  of  Wild  Flowers.  A  brief 
discussion  of  the  wild  flowers  that  should  be  protected  followed.  C.  H. 
Eigenmann  moved  that  the  report  be  accepted  and  that  the  committee 
be  continued.     Motion  carried. 

B.  H.  Shockel,  representing  the  State  Normal  School  at  Terre 
Haute,  Incl,  extended  to  the  Academy  an  invitation  to  hold  either  its 
fall  or  spring  meeting  there  in  1925. 

A  rising  vote  of  thanks  was  extended  to  the  citizens  of  Marengo 
for  the  use  of  their  opera  house. 

Business  meeting  adjourned. 

Thursday,  May  15. 

The  program  for  Thursday  evening  consisted  of  a  couple  of  short 
talks  given  in  the  Marengo  Opera  House. 

W.  M.  Tucker  gave  a  brief  discussion  of  'Caves  of  Indiana"  and 
illustrated  his  talk  with  maps  of  caves. 

F.   Payne  spoke  on  "Cave   Life  of  Indiana". 

These  talks  prepared  the  members  for  a  fuller  appreciation  of  the 
caves  visited. 

Mzst  of  the  party  took  the  Marengo  cave  trip   Thursday  night. 


Attended   the  meeting. 
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Friday,  May  16. 

Friday  morning,  the  members  and  guests  assembled  at  the  Murphy 
House  and  a  little  after  eight  o'clock  left  for  an  all  day  field  trip. 
Pilot  Knob,  Indian  Ridge  and  the  Ohio  River  at  Horse  Shoe  Bend 
were  visited  on  the  way  to  Wyandotte  Cave,  which  was  reached  about 
twelve  o'clock.  A  dinner  was  served  to  1:15.  The  afternoon  was  spent 
in  taking  the  short  trip  through  Wyandotte  Cave.  After  the  cave 
trip  most  of  the  party  returned  to  Marengo.  A  small  party,  however, 
remained  to  take  the  long  trip  and  were  impressed  with  the  extent 
and  grandeur  of  the  cave.  Those  returning  to  Marengo  who  had  not 
visited  the  cave  on  Thursday  evening  made  the  trip  Friday  evening. 
For  beauty  in  formation,  it  is  hard  to  find  a  more  beautiful  cave  than 
Marengo. 

At  the  dinner  at  Marengo,  the  following  business  was  transacted: 

On  motion,  duly  passed,  the  Executive  Committee  was  asked  to 
take  due  recognition  of  propaganda  of  the  Dupont  Powder  Company 
and   give   due  publicity. 

A  motion  was  passed  to  send  a  night  letter  to  Amos  W.  Butler, 
New  Smyrna,  Fla.,  extending  to  him  greetings  of  the  Academy. 

Saturday,  May  17. 

By  Saturday  the  Academy  had  broken  up  into  groups.  Some  visited 
Corydon,  the  old  stale  capitel;  others  visited  the  caves  on  the  University 
Farm  at  Mitchell,  Ind.,  and  others  returned  to  their  homes  by  various 
routes,  visiting  places  of  interest. 

The  weather  was  ideal,  and  from  the  standpoint  of  numbers  as 
well  as  of  interest,  this  was  the  best  Spring  meeting  the  Academy  has 
ever  had. 

Flora  Anderson, 

Secretary. 
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WINTER  MEETING. 


Program  of  the  Fortieth  Annual  Meeting  of 
THE  INDIANA  ACADEMY  OF  SCIENCE 

HELD    AT 

PURDUE    UNIVERSITY,   LAFAYETTE. 

December  4,  5  and  6,  1924. 

Thursday,  December  4,  1924. 

8:00  p.  m.       Meeting  of  the  Executive  Committee. 
Reports  of  Committees. 

Friday,  December  5,  1924. 

9:00  a.m.     General   Session. 

General  Business  Session. 

Stephen  Francis  Balcom:    In  Memoriam 

R.  W.  McBride 

Robert  Greene  Gillum:    In  Memoriam 

L.  J.  Rettger 

William   Allen   McBeth:     In   Memoriam 

L.  J.  Rettger 

John  C.  Shirk:    In  Memoriam Amos  W.  Butler 

Presentation  of  Papers  of  General  Interest. 

*The  Research  Committee  of  the  Indiana  Academy 

of  Science.  ....  .Arthur  L.  Foley,  Indiana  University 

The  Conservation  Commission  and  Its  Work 

Stanley   Coulter,   Purdue   University 

The  Reported  Origin  of  Indian  Corn  from  Teosinte 

Paul  Weatherwax,  Indiana  University 

City  "Smogs"  in  Periods  of  General  Fair  Weather 

John      H.      Armington,      Meteorologist,      U.      S. 

Weather  Bureau,  Indianapolis. 
Variations     Among     Indiana     Counties     in     Land 

Values,  Roads  and  Death  Rates 

Stephen  S.  Visher,  Indiana  University 

Types  of  Errors  Made  in  Purdue  English  Test  by 

High    School    Boys 

Geraldine  Frances  Smith,  Hammond 

President's  Address — Flora    of    Indiana:     On    the 

Distribution    of    the     Ferns,     Fern    Allies     and 

Flowering  Plants C.  C.  Deam,  State  Forester 

2:00  p.m.     Sectional   Meetings. 

*  Papers   starred  not   published   in   this   Proceedings. 
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BOTANY. 


Mechanical  Injuries   Caused  by  Weeds  and  Other 

Plants.  .  .  .Albert  A.  Hansen,  Purdue  Agr.  Exp.  Sta. 
Phenomena    Exhibited   by    Fungi    When   Grown   in 

Close  Proximity ....  C.  L.  Porter,  Purdue  University 
Factors  Influencing  Cyanide  Injury  to  Greenhouse 

Plants,   H.   D.    Brown,   R.    J.    Otten   and   W.   D. 

Reading,  Purdue  University. 
Age  of  Scale  Bark  Formation  in  Carya  ovata.  .  .  . 

F.  M.  Andrews,  Indiana  University 

The  Vegetable  Regions  of  Indiana 

I.  C.  Hoffman,  Purdue  Agr.  Exp.  Station 

Growing    Our    Own    Crude    Drugs 

C.  J.  Zufall,  Purdue  University 

Michikoff  Wheat    

A.  T.  Wiancko,  Purdue  Agr.  Exp.  Sta. 

Hydrogen-ion     Concentration     of     Certain     Plant 

Juices F.  M.  Andrews,  Indiana  University 

Further  Studies  with  the  Ph  Indicators  and  Acid 

Production  by  the  Colon-Typhoid  Group 

P.  A.  Tetrault,  Purdue  University 

Observations    Upon    the    Isolation    of    Nitrifying 

Organisms 

I.   L.   Baldwin  and  W.  M.  Cross,  Purdue  University 
Cabbage  Diseases  in  Indiana 

C.  T.  Gregory,  Purdue  Agr.  Exp.   Sta. 

The  Loose  and  Stinking  Smuts  in  Indiana 

C.   T.   Gregory,  Purdue  Agr.   Exp.   Sta. 

Observations     Concerning    the     Disease     Suscepti- 
bility of  Cereals  and  Wild  Grasses 

E.  B.  Mains,  Purdue  Agr.  Exp.  Sta. 

*  Physiologic    Specialization    in    the    Leaf    Rust    of 

Wheat,  Pucdnia  triticina 

E.  B.  Mains,  Purdue  Agr.  Exp.  Sta. 

(To  be   published   in   Jour.  Aj>r.   Research.) 

*Cladosporium  Leaf-mold  of  Tomato:  Fruit  In- 
vasion and  Seed  Transmission 

Max  W.  Gardner,  Purdue  Agr.  Exp.  Sta. 

*Some  Rusts  of  Composite  Life  History 

H.  S.  Jackson,  Purdue  Agr.  Exp.  Sta. 

(To   be    published   in   Jour.   Agr.   Research.) 

Indiana  Plant  Diseases,  1923 

Max  W.  Gardner,  Purdue  Agr.  Exp.  Sta. 

*Some  New  Materials  That  I  Have  Found  Valuable 

in  Teaching  Botany 

Blanche  McAvoy,  Muncie  State  Normal 

*Some   Ways   of    Stimulating   Students'   Interest   in 

Botany C.  J.  Zufall,  Purdue  University 


Papers   starred   not  published    in    this   Proceedings. 
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A  Variation  of  Trillium,  declinatum   (Gray)    Glea- 

son Ray  C.  Friesner,  Butler  College 

An   Unusual  Impatiens  biflora 

F.  M.  Andrews,  Indiana  University 

*The  Differential  Staining  of  Fungi  in  Host  Tissue 

E.J.  Kohl,  Purdue  University 

*The   Uredinales  and   Ustiliginales  of  Indiana — IV 

H.  S.  Jackson,  Purdue  Agr.  Exp.  Sta. 

Recent  Indiana  Weeds,  1924 

Albert  A.  Hansen,  Purdue  Agr.  Exp.  Sta. 

Water    Hemlock,    Cicuta   metadata,    a    Biennial   in 

Indiana 

Albert  A.  Hansen,  Purdue  Agr.  Exp.  Sta. 

*A  Preliminary  List  of  Lichens  of  Delaware  County, 

Indiana Blanche  McAvoy,  Muncie  State  Normal 

Notes   on   Grasses — II 

Paul  Weatherwax,  Indiana  University 

Indiana    Fungi — VIII 

J.  M.  Van  Hook,  Indiana  University 

Comparative    Growth    in    Grazed    and    Ungrazed 

Woodlots  at  Purdue 

Burr  N.  Prentice,  Purdue  University 

CHEMISTRY— MATHEMATICS— PHYSICS. 

Methods  of  Determining  the  Composition  of  Amal- 
gams  M.  G.  Mellon,  Purdue  University 

A  Note  on  the  Behavior  of  Cobaltous  Hydroxide 

Louis  Agassiz  Test,  Purdue 

University,    and    D.    L.    Scoles,    Iowa    State    College 

Farming  as  a  Chemical  Industry 

R.   H.  Carr,   Purdue  University 

Fertilization  of  Lawns 

S.  D.  Conner,  Purdue  Agr.  Exp.  Sta. 

Rhythmic    Crystallization    of    Sodium    Sulphate   in 

Thin  Agar  Films F.  O.  An- 

deregg  and   G.  W.  Daubenspeck,  Purdue  University 

Influence  of  Other  Elements  Upon  Carbon  Migra- 
tion in    Steel E.   G.   Mahin, 

R.  C.  Spencer  and  C.  R.  Hayner,  Purdue  University 

*An  Outline  of  Chemical  Literature 

M.   G.   Mellon,  Purdue   University 

(To  be   published   elsewhere.) 

A  Chemical  Investigation  of  the  Water  of  Devil's 

Lake,    North   Dakota 

G.   A.  Abbott,  University  of  North  Dakota 

Some    Suggestions    for    Research    in    Mathematics 

Will   E.   Edington,   Purdue   University 

*A  Functional  Derivation  of  the  Area  of  a  Triangle 

K.   P.  Williams,  Indiana  University 


Papers   starred   not   published   in   this   Proceedings. 
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*A  Special  Case  of  a  Differential  Equation  of  Infi- 
nite Order H.  T.  Davis,  Indiana  University 

^'Resonating-  Reflectors  for  Amplifying  and  Direct- 
ing Sound   Signals 

Arthur  L.  Foley,  Indiana  University 

^Multiple   Horns   as   Sound  Amplifiers. 

Arthur  L.  Foley,  Indiana  University 

*  Selective    Resonance   of    Sound   Amplifying   Horns 

Arthur  L.  Foley,  Indiana  University 

A   Photographic   Method   for  the   Measurement   of 

the   Per   Cent  of   Polarization   and   Some   of   Its 

Applications B.  A.  Howlett,  Indiana  University 

Sound  Waves  from  Explosions 

John  E.  Smith,  Franklin  College 

Photography   as    a    Means   of   Measuring   Rate    of 

Explosion John  E.   Smith,  Franklin  College 

Measurement  of  the  Amplification  Constant  of  an 

Audio  Transformer,  Principle  of  the  Neutrodyne 

R.   R.   Ramsey,  Indiana  University 

The  Effect  of  Ultra  Violet  Light  and  X-Rays  on 

the  Stability  of  Matter. 

Arthur  L.  Foley,  Indiana  University 

*The  Acoustic  Laboratory  Room 

Arthur  L.  Foley,  Indiana  University 

The    Formation    of   Alpha-Ray   Tracks   by    Simple 

Means Chas.    T. 

Knipp    and    N.    E.    Sowers,    University    of    Illinois 

GEOLOGY— GEOGRAPHY. 

Sub-Trenton  Formations  of  Indiana 

W.  N.  Logan,  Indiana  University 

*The  Valley   Form  and  Its  Development 

Clyde  E.  Malott,  Indiana  University 

The   Genesis  of  the   Ohio   River 

Gerard  Fowke,  Madison 

The  Upper  Chester  of  Indiana 

Clyde  E.  Malott,  Indiana  University 

Observations  on   Areal  Geology  of  Jasper   County, 

Indiana. Thomas  M.  Bushnell,  Purdue  Agr.  Exp.  Sta. 
Notes  on  the  Relation  of  Mt.  Carmel  and  Helton- 

ville  Faults  to  the  Dennison  Anticline 

Ralph  E.  Esarey,  Indiana  University 

*  Notes  on  the  Finding  of  Chlovastrolite  in  Morgan 

County,  Indiana 

Frank  B.  Wade,  Shortridge  High  School,  Indianapolis 
Contrasts  Among  Indiana  Counties  in  Educational 
Respects Stephen  S.  Visher,  Indiana  University 


Papers  starred   not  published   in   this  Proceedings 
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Identification  of  Two  Fossil  Leaves  from  Iowa, 
One   from    Arizona,   and   a   "Tree   Trunk"   from 

Kansas Albert  B.  Reagan, 

U.     S.     Indian     Service,     Cornfields,     Ganado,     Ariz. 

*A    West    Coast    Honeymoon,    Albert    B.    Reagan, 

U.     S.     Indian     Service,     Cornfields,     Ganado,     Ariz. 

*The  Isleta  Indians Albert  B.   Reagan, 

U.     S.     Indian     Service,     Cornfields,     Ganado,     Ariz. 

ZOOLOGY. 

Photoreceptors  in  the  Earthworm,  Lumbricus  ter- 
restris Walter    N.    Hess,    DePauw    University 

Further  Observations  on  the  Function  of  the  Ear- 
wig Forceps. W.  P.  Morgan,  Indiana  Central  College 

*Euthenics  and  Life  Histories 

Robert  Hessler,  Indianapolis 

Exaltation  of  an  Attentuated  Strain  of  Trypano- 
soma Brucei . .  .  Chas.  A.  Behrens,  Purdue  University 

Formaldehyde  Antidotal  to  "Ivy  Poisoning" 

Robert  Hessler,  Indianapolis 

Further  Note  on  the  Treatment  of  Rhus  Poisoning 

O.    P.   Terry,   Purdue   University 

*Vitamin  C  in  the  Liver  of  Chickens  Fed  on  Scor- 
butic Diets...  C.  W.  Carrick,  Purdue  Agr.  Exp.  Sta. 

(To    te    published   elsewhere.) 

*Larvae  of  the  Cherry  Fruit  Fly,  Rhagoletis  cingit- 

lata,  as  a  Pseudoparasite 

M.  W.  Lyon,  Jr.,  South  Bend 

(To   be    published   in    Jour.   Amer.    Med.   Assn.) 

Studies  in  Life  History  and  Control  of  Hog  Lung- 
worms.  .  .  .George  Zebrowski,  Villa  Nova  College,  Pa. 
*Rate  of  Growth   and   Age  of   Sexual  Maturity  of 

Certain  Sessile  Organisms 

B.  H.  Grave,  Wabash  College 

The  Relation  of  Animal  Pest  Control  to  Conserva- 
tion  John  J.  Davis,  Purdue  University 

Records   of   Indiana   Dragonflies — I 

B.  Elwcod  Montgomery,  Purdue  University 

New  Record  of  the  Short-Tailed  Shrew  in  Indiana 
M.  W.  Lyon,  Jr.,  South  Bend 

Finds  of  the  American  Mastodon   (Mcmmut  ameri- 

canum)   in  Delaware  County,  Indiana 

R.  A.  Gantz,  Muncie  State  Normal 

Technique  of  Handling  Planaria  in  the  Laboratory 
S.  A.  Rifenburgh,  Purdue  University 


Papers   starred   not   published   in    this   Proceedin; 
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A  Comparative  Study  of  the  Nest  Habits  of  the 
Towhee,  Meadow  Lark  and  Rose-breasted  Gros- 
beak  Sidney  R.   Esten,  Indiana  University 

Observations    on    the    Summer    Birds    of    Winona 
Lake,   with   a   List   of   Species,   Louis   Agassiz   Test, 
Purdue    University,    and    Sidney    R.    Esten,    Indiana 
University. 

*The   Specificity  of  Hemolysins 

Roscoe  R.  Hyde,  Johns  Hopkins  University 

(To   be   published   elsewhere.) 

*The  Reaction  of  Yeast-absorbed  Complement  with 

Heated  Sera  

Roscoe  R.  Hyde,  Johns  Hopkins  University 

(To   be    published   elsewhere.) 

*On     Homologous     Hereditary     Characters     among 

Phylogenetically   Related   Animals 

Horace  W.  Feldman,  Bussey  Institution 

The   Physical  Basis  of  Personality 

George  Zebrowski,  Villa  Nova  College,  Pa. 

*An  Infestation  of  Upholstered  Furniture  by  Lasio- 
derma  serricorne,  Fab.,  The  Cigarette  Beetle .... 

. Howard  E.  Enders,  Purdue  University 

6:00  p.m.     Annual  Indiana  Academy  of  Science  Dinner. 
8:00  p.m.     Illustrated  Lecture:    "Positive  and  Negative  Valences;   an 
Historic  Account  of  the  Development  of  Valence",  by 
Professor  W.   A.  Noyes,  of  the  University  of  Illinois. 

Saturday,  December  6,  1924. 

9:00  a.m.  Inspection  of  buildings  and  grounds  of  Purdue  University 
and  trips  to  the  Tippecanoe  Battle  Ground,  the  State 
Soldiers'  Home  or  to  manufacturing  establishments  in 
Lafayette. 

*  Papers   starred   not  published   in   this   Proceedings. 
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MINUTES  OF  THE  WINTER  MEETING. 

Purdue  University,  Lafayette,  Indiana. 

MINUTES    OF    THE    EXECUTIVE    COMMITTEE. 

December  4,  1924. 

The  Executive  Committee  was  called  to  order  at  8:00  p.  m.  in  the 
Purdue  Memorial  Union  Building  by  President  Deam.  The  following 
members  were  present:  Flora  Anderson,  F.  M.  Andrews,  C.  A.  Behrens, 
W.  M.  Blanchard,  W.  A.  Cogshall,  Stanley  Coulter,  Glenn  Culbertson, 
H.  E.  Enders,  J.  J.  Davis,  C.  C.  Deam,  A.  L.  Foley,  D.  M.  Mottier,  J. 
P.  Naylor,  C.  M.  Smith,  E.  B.  Williamson,  J.   S.  Wright. 

The  minutes  of  last  year's  executive  meeting  and  of  the  business 
session  of  the  spring  meeting  were  read  and  approved. 

Reports  of  officers  were  as  follows : 

Report  of  Treasurer. — 

December  4,  1923,  balance  in  treasury. $523  07 

Dues  collected  December  4,  1923-December  1,  1924 485  00 

Interest  on  deposit,  Central  Trust  Co 12  00 

Total   $1,020  07 

Total   expenditures    310  40 

Balance,  December  1,  1924 $709  67 

Treasurer  Blanchard  moved  that  $500  be  transferred  to  the  En- 
dowment Fund. 

The  report  was  accepted  and  the  motion  passed. 

Press  Secretary. — In  the  absence  of  Press  Secretary  Dietz,  the  Sec- 
retary read  his  report  which  stated  that  all  meetings  of  the  Academy 
have  been  reported  by  the  United  and  Associated  Press  and  have  been 
given  wide  distribution  by  these  two  organizations.  Furthermore, 
through  the  kindness  of  C.  H.  Parrish,  in  charge  of  the  publicity  of 
the  Department  of  Conservation,  stories  prior  to  and  after  the  meetings 
have  been  sent  to  all  the  Indiana  newspapers  on  his  mailing  list.  The 
co-operation  of  the  press  associations  and  of  the  press  as  a  whole  has 
been  most  hearty,  and  the  Press  Secretary  feels  most  thankful  to  them. 
Science,  and  the  Editor  of  Science,  Dr.  J.  McKeen  Cattell,  have  been 
very  generous  in  the  allotment  of  space  to  reports  of  the  activities  of 
the  Academy.  These  reports  have  appeared  very  promptly  after  being 
sent  in.  Special  thanks  are  due  Dr.  Cattell.  The  report  recommends 
that  the  Press  Secretary  be  kept  informed  by  members  of  the  Academy 
of  activities  that  would  make  good  publicity  in  the  press  or  in  Science, 
and  that  advance  copies  of  the  program  be  sent  to  him  in  order  that 
he  may  prepare  his  publicity  campaign  well  in  advance  of  the  meeting. 

The  report  was  accepted  as  read. 
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Standing  Committees  reported  as  follows: 

Advisory  Council. — No  report. 

Research  Committee. — Report  postponed  till  general  session. 

Relation  of  Academy  to  the  State. — A  letter  from  Frank  N.  Wallace 
stated  that  at  present  there  was  no  need  for  worry  about  our  appro- 
priation. 

Charles  Stoltz  moved  that  the  letter  be  accepted  as  a  report  and 
be  filed.     Motion  carried. 

Archeological  Survey. — Chairman  W.  N.  Logan  reported  that  under 
his  direction  a  geological  survey  of  an  area  lying  partly  in  Monroe, 
Lawrence,  Jackson,  Washington  and  Harrison  counties  had  been  made 
during  the  past  season  and  that  some  flint  quarries,  camp  sites  and 
mounds  were  located  and  some  artifacts  collected.  In  a  mound  near 
Vallonia  which  was  being  destroyed  to  furnish  gravel  for  a  highway, 
some  lruman  relics  and  artifacts  were  collected.  The  most  important 
report  on  archeological  work  in  Indiana  is  "The  Archeological  Sur- 
vey of  Lawrence  County"  by  E.  Y.  Guernsey,  published  by  the  Indiana 
Historical  Commission  as  an  extra  number  of  the  Indiana  History 
Bulletin.  A  short  report  on  the  archeology  of  Washington  County  is 
contained  in  a  report  prepared  by  the  Washington  County  Historical 
Society  and  published  as  an  extra  number  of  the  Indiana  History 
Bulletin. 

Academy  Foundation. — Chairman  Amos  W.  Butler  sent  the  follow- 
ing report,  which  was  read  by  the  Secretary. 

Endowment  Fund  for  Research. 
1923. 

December  1.     Balance  on  hand $57  49 

Received — 

Interest,  L.  L.  Bonds $2  13 

2  25 
2  25 


6  63 

12  00 



$76  12 

"ost. . 

49  20 

Interest,  R.  R.  Bldg.  and  Loan 

Paid,  Fourth  L.  L.  Bond,  par  $50  (411%)  Cost 

Balance    $26  92 

Other  Assets,  as  last  year  investments    $400  00 
Add  U.  S.  4149;    Fourth  L,  L 50  00 


$450  00 
Balance    26  92 


Total $476  92 


Minutes  of  Winter  Meeting  23 

State  Library. — Chairman  Harry  F.  Dietz  sent  in  a  short  report, 
which   was   read,   as   follows : 

Report  for  1924,  Indiana   Academy  of   Science   Library. 

Items  on  shelves  beginning  of  year 5,973 

Added  during  year 410 

Total 6,383 

Bound  volumes 719 

Additions  for  the  most  part  are  continuations  of  series  already 
started. 

Last  year,  17  new  titles  were  added. 

Auditing. — Chairman  J.  P.  Naylor  reported  that  the  Treasurer's 
accounts  for  the  past  year  had  been  examined  and  found  correct. 

Publication  of  Proceedings. — Chairman  J.  J.  Davis  reported  that 
volume  33  of  the  Proceedings  of  the  Indiana  Academy  of  Science  was 
printed  and  distributed  June  1,  1924. 

In  connection  with  the  publications  of  the  Proceedings,  an  intro- 
ductory statement  on  the  purposes  and  aims  of  the  Academy  was  in- 
cluded, a  compilation  of  the  opinions  of  a  number  of  the  prominent 
members  of  this  Academy.  The  constitution  and  by-laws  were  emitted 
this  year,  it  seeming  to  be  unnecessary  to  reprint  them  every  year. 
An  index  was  included  and  it  seemed  desirable  to  number  the  volumes 
hereafter,  the  one  just  published  being  volume  33. 

The  committee  also  issued  an  Editor's  Code  for  guidance  of  authors, 
who  are  urged  to  follow  it  carefully  and  thereby  assist  the  editor  in 
handling;   the   work   in   the   most    satisfactory    and    expeditious    manner. 

Newspaper  stories  were  sent  out  when  the  Proceedings  was  issued 
with  good  results.  In  addition,  a  copy  of  the  Proceedings  was  sent  to 
Science  Service,  with  a  letter  urging  use  of  those  articles  of  general 
interest  in  their  service  stories.  Several  such  articles  were  sent  out 
by  Science  Service.  The  editor  of  the  Indianapolis  Star  wrote  an  edi- 
torial at  our   request  which  was  highly  acceptable. 

The  financial  report  is  as  follows: 

State  Funds, 

Balance  for   1922   Proceedings $37  65 

Annual  appropriation  for  1923  Proceedings 1,200  00 

Total    $1,237  65 

Paid  for  1923  Proceedings 1,046  64 

Balance $191  01 

Reprint  Account.* 

Received  from  authors  for  reprints $217  35 

Paid  Burforcl  Co.  for  extra  reprints 83  00 

Balance    $134  35 

*  A  charge   was  made  for   reprints  in  order  to  add  to  the   publishing  fund. 
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The  editorial  committee  adopted  the  policy  the  past  year  of  cutting 
to  a  minimum  the  expenses  of  publication  in  order  to  develop  a  reserve 
fund  so  that  future  editors  would  have  a  sufficient  margin  to  develop 
the  Proceedings.  This  is  possible  with  the  surplus  now  on  hand.  It 
is  recommended  that  the  Academy  place  $200  annually  at  the  disposal 
of  the  editor  if  needed  for  publication  of  the  Proceedings,  over  and 
above  the  amount  allotted  by  the  state  and  obtained  through  the  re- 
print fund.  This  is  desirable  because  there  is  an  increasing  number 
of  papers  which  should  be  published  by  the  Academy  and  furthermore 
there  will  be  an  additional  expense  if  the  Academy  is  to  publish  enough 
copies  to  supply  the  demand. 

It  is  recommended  that  the  editor  be  instructed  to  have  future 
editions  of  the  Proceedings  bound  in  cloth.  The  present  printing  contract 
will  enable  us  to  bind  the  Proceedings  at  a  cost  of  14  cents  per  volume. 

It  is  also  recommended  that  an  edition  of  1,100  plus  100  for  sepa- 
rates be  printed  instead  of  900  plus  100  for  separates. 

The  librarian  advises  us  that  the  present  mailing  list  calls  for  the 
following: 

Membership    (active)    495 

Library  distribution    (required  by  law) 200 

Domestic  exchange    120 

Foreign  exchange 137 

952 
At    present    the    demand   is    greater    than    the    supply    and    this    is 

bound  to  continue  as  our  membership  and  the  exchange  demand  increase. 
A  brief  discussion  of  the  report  followed.    On  motion  and  second, 

the  report  and   recommendation  was  accepted  as  read. 

Biological  Survey. — A  repoit  from  Chairman  Harry  F.  Dietz  was 
read  by  the  Secretary  as  follows:  A  meeting  of  the  committee  was  held 
at  Bluffton  on  November  6,  1924,  and  a  list  of  projects  drawn  up. 
The  idea  is  to  get  publications  of  the  type  and  companion  volumes  to 
Deam's  "Trees  of  Indiana",  "Shrubs  of  Indiana"  and  Evermann  and 
Clark's  "The  Fishes  of  Lake  Maxinkuckee".  Of  all  the  projects  it 
seemed  most  desirable  to  have  some  publication  to  replace  Butler's 
"Birds  of  Indiana"  which  was  published  in  the  report  of  the  State 
Geologist  of  Indiana  for  the  year  1897  and  which  has  been  out  of  print 
for  at  least  15  years.     There  is  a  big  need  for  such  a  publication. 

With  this  in  view,  the  chairman  took  up  the  matter  with  Mr."  George 
N.  Mannfeld,  chief  of  the  Division  of  Fish  and  Game  of  the  Depart- 
ment of  Conservation.  Mr.  Mannfeld  is  thoroughly  aware  of  the  need 
of  such  a  publication  and  in  his  September  (1924)  report  to  the  director 
of  the  department  urged  that  steps  be  taken  to  secure  it. 

Richard  Lieber,  director  of  the  Department  of  Conservation,  in- 
formed the  chairman  that  negotiations  were  under  way  to  secure  the 
help  of  Dr.  Butler  in  preparing  this  publication.  For  the  expense  of 
preparation,  gathering  of  data,  etc,  $1,500  a  year  for  two  years  was 
to  be  allowed  by  the  department. 
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Other  publications  for  which  there  is  a  need  and  which  should 
follow  the  "Birds  of  Indiana"  are:  "The  Mammals  of  Indiana"  and  the 
"Batrachians  and  Reptiles  of  Indiana".  For  these  at  least  $2,000  each 
should  be  set  aside.  Both  have  been  brought  to  the  attention  of  Director 
Lieber,  but  in  the  absence  of  anyone  to  designate  to  work  on  them,  the 
matter  can  only  be  held  in  abeyance.  The  work  should  be  done  by  an 
Indiana  scientist,  but  where  to  get  him — that  is  the  question.  The  one 
thing  that  the  Biological  Survey  Committee  needs  more  than  anything 
else   is   some  real  manuscripts  that   are   ready   for  the  press. 

After  some  discussion,  the  report  was   accepted. 

Membership  Committee. — Chairman  Paul  Weatherwax  reported  that 
the  names  of  those  proposed  for  membership  would  be  read  at  the  gen- 
eral session  the  next  day.  Mr.  Weatherwax  recommended  that  a  check 
to  cover  initiation  fee  and  dues  for  the  first  year  accompany  the  blank. 
After  some  discussion  it  was  further  recommended  that  when  new  mem- 
bership blanks  are  needed,  that  that  part  of  the  constitution  which  per- 
tains to  initiation  fee  and  dues  be  printed  on  the  blanks.  Recommenda- 
tions adopted. 

Program  Committee. — H.  E.  Enders  read  the  additional  titles  to  the 
program  and  outlined  the  plans  for  the  rest  of  the  session. 

Special  Committee. — -Chairman  D.  M.  Mottier  read  "A  bill  for  an 
act  to  protect  certain  wild  plants  and  flowers,  and  prescribing  penalties 
for  the  violation  thereof."  The  list  includes  some  20  plants  or  groups 
of  plants  to  be  protected.  The  bill  makes  it  unlawful  to  take  these 
plants  from  any  land  not  your  own.  For  scientific  purposes  no  more 
than  two  specimens  of  any  one  kind  may  be  taken  in  one  year  and  then 
only  by  permission  of  the  lawful  occupant  of  the  land.  The  penalty 
for  violation  of  the  law  is  a  fine  of  not  less  than  ten  dollars  nor  more 
than  one  hundred   dollars. 

Discussion  regarding  the  plants  to  be  protected  and  the  wording  of 
the  bill  followed. 

Stanley  Coulter  moved  that  the  wording  of  the  bill  be  considered 
very  carefully  and  that  the  names  of  other  rare  plants  be  added. 

The  report  was  accepted  and  the  motion  passed. 

Old  Business. — A  letter  from  Burton  E.  Livingston,  Permanent  Sec- 
retary A.  A.  A.  S.,  was  read.  The  application  of  the  Indiana  Academy 
of  Science  for  affiliation  with  the  A.  A.  A.  S.  was  not  acted  upon  last 
year.  The  association  is  reconsidering  the  whole  problem  of  Academy 
affiliation  and  our  application  will  be  taken  up  as  old  business  at  the 
next  executive  meeting  of  the  A.   A.   A.   S. 

New  Business. — A  recommendation  regarding  bibliographic  index 
was  read.  On  motion  and  second,  it  was  adopted  as  read  and  a  copy 
was  ordered  sent  to  Science  for  publication.  (Published  in  Science 
Vol.  60,  Dec.  19,  1924,  page  560.) 

Due  to  a  conflict  in  the  dates  of  meeting  of  the  History  Confer- 
ence and  the  Indiana  Academy  of  Science,  it  was  moved  that  the  Pro- 
gram   Committee   next   year   consult   with    the    director   of   the    History 
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Conference  to  try  to  arrange  dates  that  will  not  conflict.     Motion  passed. 

It  was  recommended  that  the  following  be  presented  to  the  Academy 
for  election  to  fellowship:  P.  O.  Anderegg,  J.  J.  Davis  and  S.  S.  Visher. 
Recommendation  adopted. 

Charles  Stoltz  moved  that  a  telegram  bearing  the  greetings  of  the 
Academy  now  in  cession  at  Purdue  University,  be  sent  to  Hugh  T. 
Montgomery,  who  is  confined  in  the  Michael  Reese  Hosptial,  ChicagD. 
Motion  passed. 

E.  B.  Williamson  moved  that  a  similar  telegram  be  sent  to  Harry 
F.  Dietz,  whose  wife  is  very  ill.     Motion  carried. 

Meeting  adjourned  at  10:25  p.  m. 

MINUTES  OF  THE  GENERAL  SESSION. 

December  5,  1924. 

The  General  Session  was  called  to  order  at  9:00  a.  m.  by  Presi- 
dent   Deam. 

The  minutes  of  the  Executive  Committee  were  read  and  approved. 

Chairman  A.  L.  Foley  reported  that  the  activities  of  the  Research 
Committee  for  1924  have  been  centered  on  two  circular  letters,  one  of 
which  was  sent  to  members  of  the  Academy  and  the  other  to  practically 
all  the  manufacturers  of  Indiana.  All  the  letters  were  personally  ad- 
dressed and  personally  signed.  The  letters  urged  a  closer  co-operation 
between  colleges  and  universities  and  the  citizens  of  the  state  in  solving 
research  problems  that  arise,  and  pointed  out  that  in  institutions  where 
libraries  and  laboratories  in  charge  of  trained  scientists  are  already 
established,  the  expense  might  be  much  smaller.  An  individual  or  cor- 
poration having  such  a  problem  could  provide  the  funds  for  a  research 
fellowship  and  have  the  problem  studied  under  expert  direction  in  a 
laboratory   fully   equipped. 

Stanley  Coulter  moved  that  the  report  be  accepted  and  that  the 
Research  Committee  be  continued.     Motion  carried. 

Chairman  Paul  Weatherwax  read  nominations  of  thirty-six  persons 
for  membership.  Since  all  the  nominations  had  not  been  given  the  chair- 
man, Stanley  Coulter  moved  that  the  persons  whose  names  were  read 
and  all  the  others  whose  nominations  were  properly  certified  be  accepted. 
Motion  passed. 

The    following    114    named    persons    were    duly    elected: 

Abbott,  Raymond  B.,  Asst.  Prof.  Physics,  Purdue  Univ.,  Lafayette. 

Allen,  Frederic!;:  J.,  Chemistry  Dept.,  Purdue  University,  Lafayette. 

Alynhook,  Iris  Bonylin,  Grad.  Student,  Purdue  Univ.,  Lafayette. 

Bair,  W.  H.,  Asso.  Prof.  Physics,  Purdue  University,  Lafayette, 

Bake,   Cecil  M.,   Student,   Purdue  University,  Lafayette. 

Beck,  John,  Student,  Purdue  University,  Lafayette. 

Benham,  Harvey  R.,  Student,  Purdue  University,  Lafayette. 

Blackhuist,  John   A.,   H.    S.    Teacher,   West  Lafayette. 

Blalock,  G.  C,  Prof.   Elec.   Engr.,  Purdue  University,  Lafayette. 

Blown,  Howard  D.,  Horticulture  Dept.,  Purdue  Univ.,  Lafayette. 
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Brown,  Pearl  J.,  Biology  Dept.,  Indiana  State  Normal,  Terre  Haute. 
Bryan,  K.  V.,  Prof.  Dairying,  Purdue  University,  Lafayette. 
Burkle,  Mary  E.,  Student,  Purdue  University,  Lafayette. 
Burtsfield,  Frank  A.,  Supt.  Schools,  West  Lafayette. 
Byers,  Edward  A.,  Biology  Dept.,  Ind.  St.  Normal,  Terre  Haute. 
Campbell,  Guy,  Business,  Lexington. 

Carrick,    C.    Wr.,    Poultry    Dept.,    Purdue    University,    Lafayette. 
Chumlea,  Leon   W.,  Student,   Purdue   University,  Lafayette. 
Combs,  Ruth  E.,  Asst.  Botany,  Butler  College,  Indianapolis. 
Coolman,  Raymond,  Student,  Wabash  College,  Crawfordsville. 
Creel,  D.  W.,  Student,  Purdue  University,  Lafayette. 
Culbertson,  John  A.,  Geol.  Dept.,  Ohio  State  Univ.,  Columbus,  O. 
Cullinan,  Frank  P.,  Asso.  Pomology,  Purdue  University,  Lafayette. 
Duffy,  Helen  E.,  Student,  Purdue  University,  Lafayette. 
Duryee,  J.   C,  Student,  Purdue  University,  Lafayette. 
Dutton,  C.  E.,  Student,  DePauw  University,  Greencastle. 
Edington,  Wm.  E.,  Asst.  Prof.  Math.,  Purdue  University,  Lafayette. 
Elliott,  M.  E.,  Botany  and  Physics,  Terre  Haute. 
Eliott,  S.  E.,  Prof.  Physics,  Butler  College,  Indianapolis. 
Ellis,   Chas.   G.,   Student,   Purdue   University,   Lafayette. 
Emerson,  John  D.,  Student,  Purdue  University,  Lafayette. 
Esten,  S.  R.,  Asst.  Zoology,  Indiana    University,  Bloomington. 
Ewbank,  Roy,  Student,  Purdue  University,  Lafayette. 
Frost,  John  W.,  Student,  Purdue  University,  Lafayette. 
George,  Roscoe  H.,  Engr.    Dept.,   Purdue   University,   Lafayette. 
Greenawalt,   Stewart,    Student,  Purdue   University,   Lafayette. 
Greene,  L.,  Prof.  Horticulture,   Purdue  University,  Lafayette. 
Guthrie,   William   B.,    Student,   Wabash   College,   Crawfordsville. 
Hardin,  Leo  J.,  Asst.   Chem.,  Purdue   University,  Lafayette. 
Hardy,  Max  B.,  Student,   Purdue  University,  Lafayette. 
Harris,  Paul  E.,  Student,  Indiana  University,  Bloomington. 
Hawkins,  Stacy  O.,  Graduate  Student,  Indiana  Univ.,  Bloomington. 
Heath,  D.  F.,  Prof.  Math.,  Franklin  College,  Franklin. 
Hendricks,  J.  C,  Student,  Franklin  College,  Franklin. 
Higgins,  Nash,  Instr.  Geology,  Wabash  College,  Crawfordsville. 
Hobrock,  Raymond  H.,  Asst.  Physics,  Purdue  University,  Lafayette. 
Hoffman,  Ira  C,  Horticulture  Dept.,  Purdue  University,  Lafayette. 
Hooper,   Florence,  Asst.   Botany,  Butler  College,  Indianapolis. 
Howell,  L.  B.,  Prof.  Chem.,  Wabash  College,  Crawfordsville. 
Hughes,   Florence,   Student,   Butler   College,    Indianapolis. 
Huebotter,  Harry  A.,  Engr.,  Purdue  University,  Lafayette. 
Immel,  W.  C,  Contr.,  Lafayette. 
Inskeep,  Anna  M.,  H.   S.  Teacher,  West  Lafayette. 
Jaleski,  Clarence,  Asst.  Chem.,  Butler  College,  Indianapolis. 
Judy,  Paul  R.,  Asst.  Engr.,  Purdue  University,  Lafayette. 
Keipper,  Chas.  H.,  Student,  Lafayette. 
Kratz,  Eldred  J.,  Student,  Purdue  University,  Lafayette. 
Leamon,  Grace,  Student,  Indiana  State  Normal,  Muncie. 
Leer,  Wayne  E.,  Exten.,  Purdue  University,  Lafayette. 
Lutterell,   Buyl  M.,   Student,  Purdue  University,   Lafayette. 
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Lutz,  Raymond  P.,  Chem.  Dept.,  Purdue  University,  Lafayette. 
McCulloch,  Velma  M.,  Student,  Purdue  University,  Lafayette. 
McGath,  Frank  P.,  Engr.,  Purdue  University,  Lafayette. 
McDaniels,  Alice,   Student,  Butler  College,   Indianapolis. 
McMahon,  Frances   G.,  H.   S.   Teacher,   West  Lafayette. 
Mehrlich,   Ferdinand,  Student,  Butler  College,  Indianapolis. 
Middleton,  Robert  E.,  Student,  Purdue  University,  Lafayette. 
Moore,  Gerald  E.,  Math.  Dept.,  Hanover  College,  Hanover. 
Moore,  John  M.,  Asst.  Botany,  Butler  College,  Indianapolis. 
Mozingo,  Paul  P.,  Chem.  Dept.,  Franklin  College,  Franklin. 
Mulherin,  Mary  G.,  Asst.  Physics,  Purdue  University,  Lafayette. 
Needy,  John  A.,  Asst.  Prof.  Mech.  Engr.,  Purdue  Univ.,  Lafayette. 
Noe,  Howard  R.,  Student,  Franklin  College,  Franklin. 
Oplinger,  K.  A.,  Engr.,  Purdue  University,  Lafayette. 
Osborne,  John  H.,  Chem.  Dept.,  Indiana  State  Normal,  Terre  Haute. 
Oswalt,  Marion  L.  R,,  Student,  Purdue  University,  Lafayette. 
Paschen,  Everett  H.,   Student,  DePauw  University,  Greencastle. 
Patterson,  Howard,  Student,  DePauw  University,  Greencastle. 
Pearce,  J.   R.,   Student,  Indiana  University,  Bloomington. 
Perkins,  Chas.  A.,  Student,  Purdue  University,  Lafayette. 
Poorman,  Alfred  P.,  Prof.  App.  Mech.,  Purdue  Univ.,  Lafayette. 
Prigg,  P.  S.,  Student,  Purdue  University,  Lafayette. 
Railsback,  Ora  L.,  Asst.  Prof.  Physics,  Ind.  St.  Normal,  Muncie. 
Record,  Wm.  J.,  Student,  Purdue  University,  Lafayette. 
Rising,  Justus,  Pract.  Mech.,  Purdue  University,  Lafayette. 
Robertson,  Frank  S.,  Student,  Franklin  College,  Franklin. 
Schaefer,  May  K.,  Instr.  Zool.,  Butler  College,  Indianapolis. 
Schlender,  Emma,  Asst.   Botany,  Butler  College,  Indianapolis. 
Scott,  J.  R.  S.,  Chemist,  Bedford. 

Schickel,  M.  Alma,  Biology  Dept.,  Ind.  St.  Normal,  Terre  Haute. 
Slick,    George,    Student,    Purdue    University,    Lafayette. 
Sonnich,  Eric,   Student,  Purdue  University,  Lafayette. 
Smith,  Zora  M.,  State  Director  Vocat.  Educ,  West  Lafayette. 
Smithson,  T.  C.  M.,  Asso.  Prof.  Chem.,  Wabash  Coll.,  Crawfordsville. 
Springer,  Stewart,  Student,  Butler  College,  Indianapolis. 
Stair,  Edward  C,  Instr.  Horticulture,  Purdue  University,  Lafayette. 
Steele,  Brandt  F.,  Student,  Butler  College,  Indianapolis. 
Steen,  Edwin  B.,  Instr.  Zool.,  Wabash  College,  Crawfordsville. 
Stevenson,  Rose  A.,  Student,  Franklin  College,  Franklin. 
Thoroman,  M.  C,  Student,  Purdue  University,  Lafayette. 
Trueblood,  Ralph  B.,  Prof.  Prac.  Mech.,  Purdue  Univ.,  Lafayette. 
Tuttle,  Carl  O.,  Dairying,  Purdue  University,  Lafayette. 
Van  Huss,  Arthur  B.,  Student,  Purdue  University,  Lafayette. 
Voris,  Ralph,  Asst.  Zool.,  Indiana  University,  Bloomington. 
Watson,  Raymond  C,  Student,  Purdue  University,  Lafayette. 
Webster,  Edwin  E.,  Student,  Purdue,  University,  Lafayette. 
Wedel,  Arthur,  Student,  DePauw  University,  Greencastle. 
Welch,   Winona,   Asst.    Botany,   University  of  Illinois,   Urbana,   111. 
Wetherill,  Richard  B.,  Lafayette. 
Wilbur,  John  W.,  Dairying,  Purdue  University,  Lafayette. 
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Wilkins,  Herbert  E.,  Instr.  Chem.,  Purdue  University,  Lafayette. 
Woods,  Alice  P.,  Student,  Indiana  University,  Bloomington. 
Zaring,    Doyle,    Student,    Purdue    University,    Lafayette. 

The   Executive   Committee   recommended   the   following   named   per- 
sons for  election   to   fellowship.      They  were   elected. 
F.  0.  Anderegg,  J.  J.  Davis,  S.  S.  Visher. 

Chairman  W.  A.  Cogshall  announced  the  following  nominations  for 
officers   for   1925: 

President,  E.  R.  Cumings,  Bloomington. 
Vice-President,  Charles  Stoltz,  South  Bend. 
Secretary,   Flora  Anderson,  Bloomington. 
Assistant   Secretary,   J.    B.    Dutcher,   Bloomington. 
Treasurer,  Wm.  M.  Blanchard,  Greencastle. 
Editor,  J.  J.  Davis,  West  Lafayette. 
Press  Secretary,  Harry  F.  Dietz,  Indianapolis. 

On  motion  and  second,  the  President  cast  the  ballot  for  the  above 
named  officers. 

Stanley  Coulter  moved  that  the  Legislative  Committee  prepare  a 
bill  for  the  appropriation  of  money  to  buy  land  for  laboratories  and 
turn  it  over  to  state  institutions.     Motion  passed. 

The   papers   of   the  morning  followed   the   business   session. 

Prof.  D.  M.  Mottier  was  toastmaster  at  a  noon  luncheon  held  in 
the  Purdue  Union  Building  in  honor  of  Dean  Stanley  Coulter  and  Dr. 
J.  C.  Arthur.  Out-of-state  guests  were  Prof.  William  Trelease  of  the 
University  of  Illinois  and  Dr.  John  M.  Coulter  of  the  University  of 
Chicago.     There  were  106  members  and  guests  present. 

The  various  sections  of  the  Academy  met  at  2:00  p.  m.  for  the  read- 
ing of  papers. 

A  short  business  session  was  held  in  the  Physics-Chemistry  Sec- 
tion in  which  the  following  resolutions  were  read  and  unanimously  ap- 
proved by  vote: 

"Whereas,  The  science  of  physics  has  expanded  to  such  an  extent 
that  years  of  study  are  required  to  become  at  all  conversant  with  the 
subject,  and 

"Whereas,  The  subject  is  developing  by  leaps  and  bounds  at  such  a 
rate  that  a  physicist  today  becomes  a  fossil  tomorrow  unless  he  studies 
diligently  to  keep  abreast  of  the  times,  and 

"Whereas,  One  cannot  be  a  real  teacher  unless  he  himself  main- 
tains the  attitude  of  a  learner  and  student,  and 

"Whereas,  competition  is  a  powerful  factor  in  developing  and  main- 
taining a  teacher's  efficiency, 

"Therefore  Be  It  Resolved,  That  we,  the  Physics-Chemistry  Section, 
Indiana    Academy    of    Science,    urgently    and    unanimously    recommend: 

1.  That  the  granting  of  life  licenses  to  teach  physics  be  discon- 
tinued. 
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2.  That  the  number  of  hours  of  college  credit  required  for  physics 
teachers  for  highest  grade  of  license  be  increased  in  physics  and  be 
decreased  in  education." 

The  following  ccmmittee  was  appointed  to  represent  the  attitude  of 
the  section  before  the  proper  state  authorities:  A.  L.  Foley,  E.  G.  Mahin 
and  J.  E.   Smith. 

A  hundred  and  forty  members  and  guests  attended  the  annual  dinner 
in  the  Purdue  Union  Building  Friday  night, 

A  rising  vote  of  thanks  was  extended  to  the  Program  Committee. 

Prof.  L.  J.  Itettger,  in  the  name  of  the  Indiana  State  Normal  and 
of  Rose  Polytechnic,  invited  the  Academy  to  hold  its  next  fall  meeting 
at  Terre  Haute. 

Stanley  Coulter  moved  that  the  invitation  be  recognized  and  recom- 
mended to  the  Program  Committee  for  1925.     Motion  passed. 

The  evening  session  was  held  as  outlined  on  the  program,  and  this, 
the  40th  annual  meeting  of  the  Indiana  Academy  of  Science  closed. 

Flora  Anderson, 

Secretary. 
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STEPHEN  FRANCIS  BALCOM. 


Vicksburg,  Miss  ssippi. 
January  24,  1856. 


Indianapolis,  Indiana. 
April  2,  1924. 


The  Academy  is  again  called  upon  to  lament  the  death  of  a  useful 
and  valuable  member.  Stephen  Francis  Balcom,  who  was  born  January 
24,  1856,  at  Vicksburg,  Mississippi,  died  April  2,  1924,  at  Indianapolis, 
Indiana.  He  was  educated  in  the  common  schools  of  Illinois  and  in  the 
University  of  Illinois,  School  of  Civil  Engineering,  Class  of  1875.  He 
was  thereafter  employed  as  a  civil  engineer  by  the  Illinois  Central, 
the  Big  Four  and  the  Lake  Erie  and  Western  railroads,  in  all  of  which 
positions  he  rendered  valuable  service.  He  removed  his  heme  to  Indi- 
anapolis in  1897,  and  at  the  time  of  his  death  was  with  the  Engineering 
Department  of  the  Park  Board  of  the  city  of  Indianapolis. 


Stephen  Francis  Balcom.     1856-1924. 


He  was  an  active  member  of  the  following  organizations:  Indiana 
Academy  of  Science,  National  Society  of  Engineers,  Indianapolis  Scien- 
tec,  Indianapolis  Illini,  Indiana  Historical  Society  and  the  Nature  Study 
Club  of  Indiana.  He  was  also  a  member  of  the  Tabernacle  Presbyterian 
Church  at  Indianapolis. 

He  was  especially  interested  in  research  into  the  pre-historic  races 
of  man,  particularly  the  Mound  Builders  and  the  American  Indian. 
He   read   several  valuable   papers   on  the   subject  of  Archeology  before 
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the  Academy.  In  connection  with  the  reading  of  each  of  these  papers 
he  exhibited  a  large  number  of  interesting  specimens  of  pre-historic 
handiwork  from  collections  which  he  had  himself  made. 

He  was  married  June  10,  1880,  to  Eliza  Hall,  of  Sullivan,  Illinois, 
by  whom  he  had  four  children,  all  born  in  Champaign,  Illinois,  two  of 
whom  are  still  living.  He  is  survived  by  his  widow,  who  now  resides 
with  her  daughter,  Miss  Lucy  Balcom,  who  is  employed  in  the  Indus- 
trial Board  of  Indiana,  at  the  State  House.  A  son,  Henry  C.  Balcom, 
a  landscape  architect  and  gardener,  also  survives  him  and  lives  at 
Kokomo. 

Papers  by  Stephen  Francis  Balcom. 

Pre-historic  Indiana  Archaeology,  Proc.  Ind.  Acad.  Sci.  1921  (1922), 
pp.  59-67. 

The  Paleolithic  Stone  Age  in  Indiana,  Proc.  Ind.  Acad.  Sci.  1922 
(1923),  pp.  105-117. 

R.  W.  McBride. 
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ROBERT  GREENE  GILLUM. 


Terre  Haute,  Indiana. 
August  20,  1924. 


Greenville,  Virginia. 
January  22,  1855. 

Robert  Greene  Gillum,  for  many  years  Professor  of  Physics  at  the 
Indiana  State  Normal  School  at  Terre  Haute,  Indiana,  died  at  his  home 
on  August  20,  1924,  More  than  a  year  before  this,  the  early  symptoms 
of  the  disease  which  finally  took  his  life,  began  to  show  themselves.  In 
order  that  he  might  have  the  time  and  rest  to  recuperate,  he  resigned  his 
position  in  June,  1923.  The  Board  of  Trustees  of  the  State  Normal 
School,  recognizing  his  long  and  faithful  period  of  service  in  the  institu- 
tion and  his  unfailing  loyalty  to  all  the  interests  of  the  school,  refused 
tc  accept  his  resignation  outright,  but  granted  him  a  leave  of  absence, 
and  when  it  became  evident  that  Professor  Gillum  could  not  return  to 
his  post,  he  was  made  Professor  Emeritus. 


Robert  Greene  Gillum.     1855-1924. 


Professor  Gillum  was  a  native  Virginian,  receiving  his  early  educa- 
tion in  the  common  schools  at  Greenville,  Virginia,  and  entering  later 
the  Virginia  Polytechnic  Institute  at  Blacksburg,  where  he  remained 
two  years  as  the  holder  of  a  scholarship.  As  a  young  man,  he  left 
Virginia  and  came  to  Indiana,  the  state  of  his  adoption.  He  entered 
Indiana  University  in  1877,  graduating  in  1881  with  the  degree  of 
Bachelor  of  Arts.     He  was  later   a  graduate  student  at  Indiana  Uni- 
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versity,  Harvard  University  and  at  Chicago  University.  He  served  as 
principal  of  the  high  schools  of  Union  City,  Huntington  and  Anderson, 
Indiana,  and  from  the  latter  place  was  called  to  the  Indiana  State 
Normal  School  in  the  spring  of  1886  as  assistant  teacher.  From  this 
position  he  was  soon  advanced  to  the  professorship  of  Physics  and 
Chemistry  and  when  thi.c:  department  was  later  divided,  he  became  pro- 
fessor of   Physics. 

Professor  Gillum  was  for  many  years  a  member  of  the  Academy 
of  Science  and  while  not  very  often  presenting  formal  papers,  was  deeply 
interested  in  its  work  and  in  frequent  attendance  upon  its  meetings. 
Professor  Gillum  should  be  credited  largely  with  the  life  and  work  of 
the  Terre  Haute  Science  Club,  an  organization  composed  of  the  science 
faculties  of  the  Rose  Polytechnic  Institute,  the  Indiana  State  Normal 
School  and  the  two  city  high  schools.  For  almost  a  quarter  of  a  century 
he  was  the  secretary  of  the  club  and  it  was  his  unfailing  interest  in 
matters  of  science  that  made  him  assume  in  large  measure  the  responsi- 
bility for  arranging  the  programs  and  installing  the  special  bits  of 
apparatus  for  demonstration  for  the  public  meetings  of  the  club.  As 
secretary  of  the  club,  it  was  his  duty  to  write  brief  reports  of  the 
papers  presented.  An  examination  of  these  many  records  could  not  fail 
to  reflect  the  unselfish  devotion  which  Mr.  Gillum  brought  to  this  task. 

Few  men  have  the  happy  faculty  of  making  and  holding  friends  in 
such  generous  measure  as  Professor  Gillum  had.  With  his  students 
he  was  not  only  their  instructor  but  he  usually  became  their  counselor 
and  friend.  He  loved  folks  and  he  loved  them  in  a  sincere  and  generous 
way.  No  man  could  long  remain  a  stranger  in  his  presence.  He  num- 
bered among  his  acquaintances  everybody  within  his  friendly  grasp. 
He  was  an  active  member  of  many  social  and  charitable  organizations 
and  took  a  very  great  interest  in  the  welfare  of  his  own  community. 
At  the  time  of  his  death,  he  was  serving  as  a  member  of  the  Terre 
Haute  Board  of  Safety.  In  his  death,  the  Normal  School  has  lost  an 
earnest  teacher;  the  community  in  which  he  lived,  a  splendid  citizen; 
and  those  who  knew  him  personally,  a  friend. 

L.  J.  Rettger. 
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WILLIAM   ALLEN   McBETH. 


Terre  Haute,  Indiana. 
February  19,  1924. 


White  County,  Indiana. 
October  21,  1855. 
The  Indiana  State  Normal  School,  during  the  past  year,  suffered 
the  loss  of  two  of  its  teachers — William  Allen  McBeth,  Associate  Pro- 
fessor of  Geography  and  Geology  and  Robert  Greene  Gillum,  Professor 
of  Physics.  Both  of  these  instructors  were  valued  members  of  the  Indi- 
ana Academy  of   Science. 

William  Allen  McBeth  was  born  in  White  County,  Indiana,  October 
21,  1855.  He  received  his  elementary  education  in  the  public  schools 
of  Carroll  and  Tippecanoe  counties  and  at  the  old  Battle  Ground  Col- 
legiate Institute.     Attracted  as  a  young  man  to  the  profession  of  teach- 


William  Allen  McBeth.     1855-1924. 


ing,  he  entered  the  Indiana  State  Normal  School  to  prepare  for  this 
work,  graduating  from  this  institution  in  1895.  He  entered  Wabash 
College,  Crawfordsville,  the  next  year,  receiving  the  degree  of  Ph.  B. 
at  Wabash  in  June,  1896.  Several  years  later  this  college  conferred 
upon  him  the  degree  of  Master  of  Arts. 

Professor  McBeth  began  his  work  as  a  teacher  at  the  age  of  19 
and  with  the  exception  of  the  years  while  a  student  in  school  and  col- 
lege, taught  continuously  until  January,  1924,  when  a  sudden  break 
in  his  health  made  it  necessary  to  leave  his  classroom.  In  1897  he  was 
called  as  Assistant  Professor  of  Geography  to  the  State  Normal  School. 
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He  was  soon  advanced  to  the  associate  professorship  which  position  he 
held  at  the  time  of  his  death.  He  was  thus  a  teacher  in  the  Indiana 
State  Normal  School  during  an  unbroken  period  of  twenty-seven  years. 
He  was  always  deeply  impressed  with  the  privilege  which  was  his  of 
coming  in  contact  with  so  many  young,  prospective  teachers  and  not 
long  before  his  death  stated  that  he  had  been  interested  in  running  over 
his  record  books  to  find  that  more  than  16,000  students  had  been  en- 
rolled  under   his   instruction. 

Professor  McBeth  was,  throughout  his  entire  professional  life,  an 
interested  member  of  the  Indiana  Academy  of  Science.  He  was  elected 
Fellow  of  the  Indiana  Academy  in  1904;  served  as  vice-president  of  the 
Academy  for  two  years  and  as  treasurer  from  1902  to  1909.  His  in- 
terest in  the  Academy  of  Science  was  reflected  in  the  fact  that  he  seldom 
failed  to  appear  on  its  program  with  one  or  more  papers  dealing  with 
some  first-hand  observations  in  his  chosen  field.  His  special  interest  lay 
naturally  in  his  own  state  and  there  were  probably  few  men  in  Indiana 
better  acquainted  with  the  detailed  geography  of  this  commonwealth. 
He  spent  a  great  deal  of  time  on  field  excursions,  sometimes  alone,  some- 
times with  other  geographers  but  most  frequently  with  his  own  students, 
tramping  over  many  of  the  interesting  spots  of  Indiana  geography. 
His  scientific  papers  marked  the  large  range  of  geographical  subjects 
which  had  caught  his  interest.  On  account  of  his  familiarity  with  his 
native  state,  he  was  asked  to  write  the  Indiana  Supplement  to  Frye's 
"Geography",  one  of  the  leading  textbooks  in  geography  of  the  day. 

A  poetic  vein  in  his  nature  found  expression  in  a  number  of  poems 
and  short  prose  sketches,  in  which  he  tried  to  blend  some  ethical  or 
artistic  suggestion  with  the  scientific  observations  that  had  come  to 
him  from  his  study  of  nature.  Professor  McBeth  reflected  to  his  last 
day  the  sturdy  pioneer  atmosphere  of  his  early  youth.  He  often  chose 
as  his  theme  for  some  chapel  talk  before  the  students  of  his  school, 
some  "old-fashioned  virtue".  Deeply  religious,  he  was  an  active  worker 
in  the  religious  and  charitable  organizations  of  his  city.  In  his  class- 
room he  was  an  inspiring  teacher  bringing  to  his  work  the  spirit  of 
the  true  naturalist. 

Because  of  his  love  of  geology,  a  large  red  granite  boulder  from 
the  Darlington  Moraine  has  been  placed  as  a  fitting  monument  over  his 
grave   in   the  cemetery  lot  at  New   Richmond,   Indiana. 

List  of  Papers  by  William  Allen  McBeth. 

An  Elevated  Beach  and  Recent  Coastal  Plains  Near  Portland,  Maine. 
Proc.  Ind.  Acad.   Sci.   1898,  p.   72. 

Wabash  River  and  Valley  in  Tippecanoe  County,  Indiana.  Inland 
Educator,   Vol.   6,  pp.   112-115. 

The  Physical  Geography  of  the  Region  of  the  Great  Bend  of  the 
Wabash.      Proc.   Ind.   Acad.   Sci.   1899,   pp.   157-161. 

An    Interesting   Boulder.      Proc.   Ind.   Acad.    Sci.   1899,   p.    162. 

The  Development  of  the  Wabash  Drainage  System  and  the  Reces- 
sion of  the  Ice  Sheet  in  Indiana.     Proc.  Ind.  Acad.  Sci.  1900,  pp.  184-92. 

A  Theory  to  Explain  the  Western  Indiana  Boulder  Belt.  Proc.  Ind. 
Acad.  Sci.  1900,  pp.   192-193. 
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Wabash  River  Terraces  in  Tippecanoe  County,  Indiana.  Proc.  Incl. 
Acad.   Sci.   1901,  pp.  237-243. 

History  of  the  Wea  Creek,  Tippecanoe  County,  Indiana.  Proc.  Ind. 
Acad.  Sci.  1901,  pp.  244-247. 

Method  in  Geography.  Educator  Journal,  Vol.  2,  1901-1902,  pp. 
490-491. 
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JOHN  C.   SHIRK. 

Franklin  County,  Indiana.  Brookville,  Indiana. 

March  14,  1858.  April  21,  1924. 

John  C.  Shirk,  sen  of  Andrew  Shirk  (son  of  Samuel  and  Elizabeth 
Stout)  and  Sarah  Wright,  daughter  of  William  and  Ann  Bardsley 
Wright,  was  born  in  Springfield  Township,  Franklin  County,  Indiana, 
March  14,  1858,  and  died  at  Brookville,  Indiana,  April  21,  1924,  He 
was  educated  in  the  rural  school  near  his  home  and  at  Indiana  Uni- 
versity, graduating  in  the  class  of  1881.  He  at  once  entered  the  Brook- 
ville Bank  and  has  been  active  in  banking,  manufacturing  and  mer- 
chandising  since   that   time. 

In  college  he  had  among  other  teachers,  Daniel  Kirkwood,  T.  A. 
Wylie,  Richard  Owen  and  David  Starr  Jordan.  The  introduction  they 
gave  him  to  the  sciences  was  one  of  his  cherished  memories. 

March  3,  1886,  he  married  Miss  Lura  Chafee,  a  daughter  of  Rev. 
John  G.  Chafee,  D.  D.,  a  prominent  minister  of  the  Methodist  Episcopal 
Church.     They  were  the  parents  of  eight  children,  seven  of  whom  survive. 

At  the  time  of  his  death  he  was  president  of  the  following:  the 
National  Brookville  Bank,  the  Franklin  Furniture  Company,  the  Brook- 
ville Telephone  Company.  He  has  been  treasurer  of  the  Indiana  Bank- 
ers' Association  and  had  served  both  it  and  the  American  Bankers' 
Association    on    committees. 

He  was  a  leader  in  the  activities  connected  with  the  World  War; 
in  all  work  for  the  benefit  of  his  community — the  Business  Men's  Asso- 
ciation, Kiwanis  Club,  the  schools,  library,  historical  society,  literary 
clubs,  the  church,  the  I.  O.  0.  F.  and  Masons. 

His  devotion  to  his  family  was  known  to  all.  Theirs  was  a  beauti- 
ful family  life.  It  was  made  more  manifest  in  the  devotion  of  its 
members  to  him  during  his  last  long  illness. 

We  recall  his  excellent  address  to  this  Academy  at  Brookville  at 
the  Spring  Meeting,  1923.  Notwithstanding  his  ill  health  and  the  in- 
clement weather  he  was  on  hand  and  fulfilled  his  assignment.  That 
was  typical  of  the  man.  When  a  duty  was  assigned  he  could  be  counted 
upon  to  be  ready  at  the  appointed  time. 

In  his  passing,  our  Academy  has  lost  a  value*!  member.  We  desire 
to  record  our  testimony  of  the  worth  of  this  man,  of  our  appreciation  of 
his  life  and  his  efforts,  that  his  family  and  his  friends  may  know  our 
regard  for  him. 

Amos    W.    Butler. 
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FLORA  OF  INDIANA:    ON  THE  DISTRIBUTION  OF  THE  FERNS, 
FERN   ALLIES   AND    FLOWERING   PLANTS. 

Chas.  C.  Deam,  Bluffton,  Indiana. 

The  origin  of  our  flora  has  been  comprehensively  discussed  by 
Gleason  (1).  A  summary  of  the  knowledge  of  the  distribution  of  the 
plants  existing  in  Indiana  on  the  advent  of  the  white  man,  shows  that 
it  is  very  incomplete.  The  acquisition  of  additional  data  is  rendered 
difficult  or  impossible,  because  90  per  cent  of  our  area  has  been  cleared. 
The  original  distribution  of  any  species  in  Indiana  can  now  be  approxi- 
mated only.  The  composition  of  our  flora  a  few  centuries  hence  can 
be  only  conjectured.  No  doubt  several  of  our  native  species  have 
already  disappeared,  and  many  more  are  doomed  to  extinction,  because 
destructive  agencies  such  as  the  cow  and  hog,  ax  and  plow,  and  the 
steam  dredge  are  ever  busy. 

The  number  of  foreign  plants,  becoming  members  of  our  flora,  is 
steadily  increasing.  The  first  catalogue  of  the  plants  of  Indiana  (2),  pub- 
lished in  1881,  listed  many  introduced  plants,  of  which  I  am  regarding 
126  as  members  of  cur  flora.  We  now  have  209  introduced  plants  which 
are  members  of  our  flora,  an  increase  of  83  in  43  years. 

It  is  doubtful  if  the  botanical  workers  of  the  past  hundred  years 
have  left  us  more  than  ten  thousand  specimens  from  which  a  record  of 
the  distribution  of  the  plant  life  of  the  state  can  be  made.  These,  with 
my  own  collection,  are  far  too  few  when  we  consider  the  pace  at  which 
our  flora  is  disappearing.  Already  the  opportunity  for  obtaining  data 
on  the  plant  life  of  our  prairie  has  gone.  The  opportunity  for  making 
a  record  of  the  original  plant  life  of  the  barrens  of  Indiana  has  for- 
ever passed.  The  opportunity  for  acquiring  a  complete  knowledge 
of  the  dune  and  lake  flora  is  rapidly  disappearing.  When  we  motor 
over  our  improved  highways  among  the  fields  of  our  alluvial  bottoms, 
if  we  pause  long  enough  to  think,  we  will  realize  that  the  once  virgin 
forest  with   its   numerous   native   plants   has   disappeared   forever. 

The  knowledge  of  the  distribution  of  our  plants  pertains  mostly 
to  the  localities  of  our  enthusiastic  botanists  and  their  chosen  collecting 
fields.  No  comprehensive  published  record  of  the  plants  of  a  restricted 
area  within  the  state  was  made  before  1871,  when  Young  (3)  published  a 
catalogue  of  the  plants  of  Jefferson  County  in  which  he  listed  609 
species.  In  1875  this  list  was  followed  by  another  of  the  same  county 
by  J.  M.  Coulter  (4)  who  listed  716  species.  In  1876  Dr.  J.  Schneck  (5) 
published  a  list  of  the  plants  of  the  lower  Wabash  Valley  below  the  mouth 
of  White  River  in  which  he  listed  1,043  species.  In  1878  Charles  R. 
Barnes  (6)  published  a  list  of  the  plants  of  Jefferson  County  in  which  he 
listed  687  species  and  38  varieties.  In  1878  Baird  and  Taylor  (7)  pub- 
lished  a   list  of   the  plants   of   Clark   County   in   which   they  listed   791 
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species  and  25  varieties.  In  1883  Dr.  A.  J.  Phinney  (8)  published  a  flora 
of  central-eastern  Indiana  in  which  he  listed  720  species  as  occurring 
in  Delaware  County.  In  1885-86  O.  M.  Meyncke  (9)  published  a  list  of 
the  plants  of  Franklin  County  in  which  he  recorded  601  species  and  28 
varieties.  In  1891  Higley  and  Raddin  (10)  published  a  flora  of  Cook 
County,  Illinois,  and  a  part  of  Lake  County,  Indiana,  in  which  they 
listed  1,322  species.  In  1892  E.  Bradner  (11)  published  a  list  of  the 
plants  of  Steuben  County  in  which  he  listed  729  species.  In  1894 
W.  P.  Van  Gorder  (12)  published  a  flora  of  Noble  County  in  which  he 
listed  724  species.  In  1887  W.  S.  Blatchley  deposited  in  the  library  of  In- 
diana University  a  manuscript  copy  of  the  flora  of  Monroe  County  in 
which  he  listed  681  species.  In  1897  W.  S.  Blatchley  (13)  published  a 
catalogue  of  the  plants  of  Vigo  County  in  which  he  listed  853  species.  In 
1902  Howard  Walton  Clark  (14)  published  a  list  of  the  plants  of  Eagle 
Lake  and  vicinity  in  which  he  listed  578  species.  In  1920  the  same 
writer (15)  published  a  flora  of  Lake  Maxinkuckee  and  vicinity  in  which 
he  listed  838  species.  In  1924  Mrs.  Eileen  Whitehead  Erlanson(16)  pub- 
lished a  list  of  plants  collected  by  E.  J.  Grimes  in  which  she  listed  639 
species  from  Putnam  County.  In  addition  to  these,  partial  floras  of  sev- 
eral counties  have  been  published,  but  none  exceed  500  species.  One  of  the 
most  interesting  and  valuable  lists  of  the  plants  of  a  small  area  is  a 
manuscript  list  of  the  plants  found  within  20  miles  of  New  Albany 
on  the  north  side  of  the  Ohio  River,  collected  by  Dr.  A.  Clapp.  He 
compiled  this  list  between  1836  and  1848  and  it  numbers  908  species. 
This  is  the  only  list  we  have  which  covers  the  barrens  and  "knobs"  of 
Indiana.  This  list  is  in  my  library,  and  its  accuracy  and  painstaking 
thoroughness  justify  its  publication.  It  is  to  be  noted  that  we  have 
no  list  of  the  plants  from  the  prairie  areas  of  the  state. 

It  is  not  the  purpose  of  this  paper  to  enter  into  a  discussion  of 
the  many  factors  which  influence  the  distribution  of  plants,  or  to 
postulate  one  or  more  factors  which  limit  the  distribution  of  the  species 
of  plants  found  in  Indiana.  My  purpose  is  to  assemble  and  record 
data  which  I  hope  will  be  helpful  in  making  known  the  distribution  of 
our  flora.  As  is  well  known,  the  principal  factors  controlling  the  dis- 
tribution of  plants  are  soil,  light,  heat,  moisture  and  other  climatic 
agencies.     Some  data  relative  to  these  factors  follow. 

Location  of  Indiana.  Indiana  is  located  between  84°  49'  and  88°  2' 
west  longitude  and  37°  47'  and  41°  50'  north  lattitude.  Its  extreme 
length  from  north  to  south  is  275  miles,  and  its  average  width  north  of 
Madison  is  about  143  miles.  It  contains  36,045  square  miles  of  land, 
280  square  miles  of  lakes  and  rivers,  and  230  square  miles  of  Lake 
Michigan. 

Topography.  The  whole  of  the  state  was  glaciated  except  about 
one-sixth  which  lies  in  the  south  central  part.  The  unglaciated  part 
is  hilly.  These  hills  have  sloping  sides  and  rarely  have  cliffs.  The 
cliffs,  except  long  the  largest  streams,  are  from  10  to  100  feet  high. 
Most  of  the  hills  rise  from  50  to  200  feet  above  their  subtending  basins, 
except  along  the  principal  rivers,  where  their  height  may  be  400  feet 
and  in   one  place  600  feet.     The  glaciated  part  is  mostly  level  or  un- 
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dulating,  except  in  the  northeastern  part  of  the  state,  where  there  are 
a  few  hills,  and  along  the  southern  glacial  boundary,  where  it  is  more 
or  less  hilly.  The  northern  third  of  the  state  contains  many  small 
and  several  large  lakes.  The  western  part  has  extensions  of  the  western 
prairie. 

Soils.  Our  soils  may  be  classed  as  residual,  alluvial  and  drift.  The 
residual  soil  is  found  in  the  unglaciated  part  of  the  state,  and  was 
formed  by  the  weathering  of  the  rocks  of  the  locality.  Residual  soils 
may  be  further  divided  into  limestone,  sandstone  and  knobstone  soils. 
The  sandstone  soil  is  very  limited,  being  restricted  to  a  narrow  strip 
of  sandstone  outcropping  between  Benton  County  and  the  southern  part 
of  Perry  County,  and  to  a  few  spots  in  the  counties  to  the  east  and  west 
of  this  strip.  This  soil  and  a  somewhat  similar  soil  on  top  of  the 
"knobs"  has  several  plants  which  are  not  found  elsewhere  in  the  state. 
Among  these  are  Poly  podium,  virginianum,  ThelpteHs  marginalis,  Tsuga 
canadensis,  Qudrcus  Prinus,  Kalmia  latifolia  and  Solidago  erecta.  It 
also  supports  many  heaths  which  again  appear  in  the  silicious  soil  of 
the  north.  The  drift  soil  covers  the  glaciated  part  of  the  state  and 
varies  from  clay  to  black  loam  and  fine  sand,  and  contains  our  beds 
of  peat.  The  peat  and  fine  sands  have  some  plants  peculiar  to  them. 
The  alluvial  soil  is  confined  to  the  lowlands  of  our  streams.  This  soil 
contains  no  plants  peculiar  to  it,  except  in  the  lower  Wabash  Valley, 
and  here  the  soil  in  itself  is  not  the  limiting  factor. 

Drainage.  About  nine-tenths  of  Indiana  drains  southwestward  into 
the  Mississippi  River  through  the  Wabash,  Ohio  and  Kankakee  Rivers. 
The  remainder  drains  into  the  St.  Lawrence  Basin  through  the  St. 
Joseph,  Calumet  and  Maumee  rivers. 

Climate.  Indiana  has  a  variable  climate.  All  parts  at  times  ex- 
perience a  temperature  as  low  as  20°  F.  below  zero,  and  in  rare  instances 
as  low  as  25°  below  zero,  or  a  few  degrees  lower,  in  a  few  localities. 
Usually  the  period  of  extremely  low  temperature  is  for  a  few  hours 
only.  Temperatures  as  high  as  100°  above  zero  occur  nearly  every 
year  in  some  places  in  the  state.  Rarely  does  it  exceed  105°.  The 
mean  temperature  for  the  state  is  about  52°.  The  daily  range  is  usually 
less  than  25°,  being  about  14  in  winter  and  about  20  in  summer.  The 
dates  of  the  last  killing  frosts  are  as  follows:  April  15  in  the  south- 
western; April  20  in  the  southern;  April  25  in  the  central;  and  May 
5  in  the  northeastern  part  of  the  state.  Sometimes  killing  frosts  occur 
as  late  as  June  1  in  the  northern  part.  The  average  date  of  the  first 
killing  frost  in  the  northern  half  of  the  state  is  October  5 ;  for  the 
southern  half  October  15;  and  for  the  southwestern  corner  October  20. 
Rarely  does  a  frost  affect  the  whole  of  the  state  as  early  as  September 
20.  The  earliest  killing  frost  recorded  for  the  southern  part  is  Sep- 
tember 25.  The  growing  season  averages  160  days  for  the  northern 
half  and  180  days  for  the  southern  half,  while  the  extreme  southwestern 
part  averages  about  200  days.  The  average  mean  temperature  is  from 
about  AS)°  along  Lake  Michigan  to  56°  in  the  extreme  southwestern  part. 
The  average  annual  precipitation  for  the  state  is  about  40  inches,  that 
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of  the  northern  part  about  38  inches,  and  that  of  the  southwestern  part 
about  42  inches.  The  precipitation  is  fairly  well  distributed  throughout 
the  year,  although  a  little  more  than  half  falls  during  the  warmer  six 
months.  The  average  humidity  of  the  air  of  the  state  is  about  70  per 
cent  during  the  day.  The  average  number  of  hours  of  sunshine  for 
the  state  is  about  2,800;  the  minimum  of  2,500  is  in  the  northeastern 
part,  and  the  maximum  of  2,850  is  in  the  southwestern  part.  In  sum- 
mer the  sky  is  clear  about  70  per  cent  of  the  time.  The  average  wind 
velocity  is  about  eight  miles  per  hour,  and  a  gale  of  40  miles  per  hour 
is  rare.  In  the  sifinmer  the  prevailing  wind  is  from  the  southwest,  and 
in  the  winter  from  the  northwest. 

Life  Zones.  The  present  knowledge  of  plant  distribution  shows  that 
many  plants,  whose  mass  distribution  lies  outside  of  Indiana,  have 
migrated  into  the  state  from  different  directions  and  have  reached  a 
limit  of  their  distribution  somewhere  in  Indiana.  However,  a  more 
intensive  study  of  the  flora  of  Indiana  and  surrounding  states  may 
extend  the  range  of  some  of  these  species  beyond  our  borders.  At 
present  we  can  only  approximate  the  plant  zones  of  Indiana  on  account 
of  the  imperfect  knowledge  of  our  flora.  I  would  draw  the  south  line 
of  the  Transition  Life  Zone  from  Morocco,  Newton  County,  southeast- 
ward to  Cicott  in  Cass  County,  thence  northeastward  along  Eel  River 
to  Fort  Wayne  and  then  eastward.  The  south  line  of  the  Upper  Austral 
Zone  I  would  begin  near  Terre  Haute,  Vigo  County,  and  continue  south- 
eastward to  Paoli,  and  thence  eastward  to  Lawrenceburg.  This  gives 
the  greater  part  of  Indiana  to  the  Upper  Austral  Zone.  The  size  of 
this  area  has  the  same  ratio  to  the  entire  area  of  the  state  that  the 
number  of  plants  found  in  this  area  has  to  the  entire  flora 
of  the  state.  The  number  of  species  occurring  in  the  Transitional  Zone 
corresponds  likewise  to  its  area,  and  the  number  of  species  occurring  in 
the   Lower  Austral  Zone  corresponds  to  its  area. 

Botanical  Areas  and  Habitats. 

The  flora  of  Indiana  as  a  whole  is  that  of  a  mesophytic  deciduous 
forest.  Within  it  are  several  areas  with  distinctive  floras.  Their  loca- 
tion and  a  discussion  of  them  follow. 

Dunes  Area.  The  dunes  area  lies  south  of  Lake  Michigan  and  north 
of  the  Little  Calumet  River  and  the  Michigan  Central  Railroad.  It 
contains  the  dunes  and  sloughs  along  Lake  Michigan.  The  soil  of  the 
dunes  ranges  from  fine  sands  to  a  muck.  This  area  has  not  less  than 
25  species  that  are  peculiar  to  it.  In  addition  to  this  area,  there  are 
miniature  dunes  along  Pigeon  River  in  Lagrange  County,  and  sandy 
knolls  with  soil  similar  to  that  of  the  dunes  in  many  of  the  northwestern 
counties.  There  are  also  stretches  along  the  Tippecanoe  River,  and 
at  the  outlet  of  preglacial  Lake  Maumee  south  of  Fort  Wayne,  with 
similar  soils.  All  of  these  last  named  places  have  one  or  more  plants 
typical   of  the   dunes   area. 

It  is  to  be  noted  that  the  following  plants  in  the  dunes  area  have 
taken  on  a  pubescence  sufficient  to  entitle  them  to  varietal  rank:  Primus 
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virginiana  variety  demissa,  Ptelea  trifolia  variety  Deamiana,  and  Vitis 
vulpina  variety  syriicola. 

Kankakee  River  Basin.  This  is  a  large  area,  mostly  low  and  level, 
containing  several  small  prairies,  old  lake  beds  and  sand  hills.  The 
soil  is  either  fine  sands,  black  sandy  loam  or  muck.  On  the  sandy 
ridges  and  sand  hills,  plants  are  found  which  are  common  to  the  dunes 
area.  These  are  Calamovilfa  longifolia  and  Cyperus  Schweinitzii  (New- 
ton County),  and  Aristida  tuberculosa  (Lake  County).  In  the  low 
ground  are  other  dunes  area  plants,  such  as  Psilocarya  scirjwides 
(Newton),  Salix  glaucophylla  (Pulaski),  Hypericum  Kalmianum 
(Pulaski  and  Starke),  Ludwigia  sphaerocarpa  (Newton  and  Starke), 
and  Cornus  Baileyi  (Starke).  The  plants  peculiar  to  this  area  are  the 
coastal  species  found  here.  They  are  as  follows:  Styrax  ameHcana, 
which  is  frequent  in  the  low  woods,  bordering  the  river  in  Lake,  Newton, 
Porter  and  Laporte  counties,  has  not  been  found  elsewhere  in  Indiana, 
except  in  Posey  County  near  the  mouth  of  the  Wabash  River.  Hyperi- 
cum adpressuiu  was  found  in  the  sandy  lowlands  west  of  Wheatland 
in  Jasper  County,  which  is  the  only  authentic  record  for  Indiana. 
Juncus  dichotomus,1  which  was  found  in  this  basin  in  Laporte  County, 
is  our  only  Indiana  record.  Mikania  scandens  is  frequent  along  the 
river  near  Baum  bridge  between  Jasper  and  Porter  counties.  It  was 
found  also  by  Blatchley  a  few  miles  northwest  of  this  place.  This  species 
has  also  been  reported  for  Putnam  and  Tippecanoe  counties,  and  for 
the  lower  Wabash  Valley,  but  we  have  no  verifying  specimens. 

Lake  Area.  This  area  embraces  all  of  northern  Indiana,  south  to 
Fountain,  Grant  and  Wells  counties,  except  the  two  preceding  areas. 
In  this  area  are  found  our  boreal  plants.  There  are  many  distinctive 
plants  in  and  around  the  lakes  and  in  the  marshes  of  this  area,  which 
are  not  found  elsewhere  in  the  state,  except  in  boggy  habitats  which 
may  be  found   south  of  this  area. 

The  Prairies.  The  prairies  of  Indiana  may  be  divided  into  two 
classes :  the  wet  or  marsh,  and  the  bald  or  dry  prairies.  The  wet 
prairies  were  of  various  sizes.  The  largest  of  these  were  located  in 
Tipton,  Clinton,  Fountain,  Daviess  and  Knox  counties.  The  exact  com- 
position of  their  flora  is  not  known.  While  no  doubt  they  contained 
many  marsh  plants  of  the  lake  area,  yet  many  of  the  relics  along  ditches 
which  drain  these  areas,  and  the  surrounding  borders,  are  of  a  western 
and  southwestern  origin.  The  bald  prairies  were  dry  treeless  areas, 
mostly  on  our  western  border,  and  no  doubt  had  a  vegetation  similar  to 
that  of  the  western  prairie  of  which  they  are  a  part.  Some  of  these 
prairies  are  found  as  far  eastward  as  Lagrange  and  Steuben  counties. 
These  interior  treeless  areas  were  sometimes  locally  known  as  barrens. 
It  is  to  be  regretted  that  we  have  no  record  of  the  spring  flora  and 
but  a  scant  knowledge  of  the  autumnal  flora  of  our  prairies.  They  are 
now  all  under  cultivation.  A  knowledge  of  their  flora  must  now  be 
obtained  from  the  plants  growing  along  the  roadsides  and  railroads 
passing  through  them,  which  probably  have  not  preserved  all  the  mem- 
bers of  the  original  flora. 

1  Since  writing   above,    determined  by   the   Gray   Herbarium   as   J.   Greenei   O.   and   T 
(Mar.    25,    1925). 
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The  Lower  Wabash  Valley.  This  is  the  alluvial  bottom  land  along 
the  Wabash  River  below  Vincennes.  These  bottoms  contain  a  number 
of  plants  of  the  south  and  southwest.  Among  these  are  Muhlenbergia 
glabriflora,  Leptochloa  flonbunda,  Eragrostis  hirsuta,  Cyperus  pseudo- 
vegetus,  Carex  gigantea,  Aristolochia  tomentosa,  Cocculus  carolinus, 
Vitis  palmata,  Hypericum  virgatum,  Ludwigia  glandulosa,  and  Adelia 
acuminata.  The  following  species  found  here  are  also  found  for  a 
short  distance  up  the  Ohio  River:  Taxodium  distichum,  HymenocalMs 
occidentalis,  Quercus  lyrata,  Calycocarpum  Lyoni,  Trachelospermum  dif- 
forme,  and  Catalpa  speciosa. 

Unglaciated  Area.  This  area  includes  all  of  the  unglaciated  area 
except  that  part  west  of  a  line  running  north  from  Troy  through  Jasper 
to  the  White  River.  This  does  not  include  three  outposts  which  are 
as  follows :  one  on  the  east  in  Jefferson  County,  at  Marble  Hill ;  and 
two  in  the  west,  one  in  Spencer  County,  known  as  the  Fisher  "knobs", 
and  the  other  in  Warrick  County,  a  few  miles  south  of  Elberfeld.  Most 
of  this  area,  except  the  bottoms  of  White,  Muscatatuck,  Blue  and 
Patoka  rivers,  is  characterized  by  high  hills.  This  area  is  characterized 
by  two  species,  Quercus  Prinus  and  Cunila  origanoides,  which  are  found 
on  the  crest  of  the  highest  ridges  throughout  the  area.  Pinus  virginiana 
is  found  on  top  of  the  "knobs"  principally  in  Floyd  and  Clark  counties. 
This  area  contains  also  a  number  of  rare  species  not  found  outside  of 
it,  and  because  of  their  rare  occurrence  I  am  listing  them  and  the  coun- 
ties in  which  I  found  them.  The  following  are  restricted  to  the  ledges 
and  upper  parts  of  the  ridges:  Cheilanthes  lanosa  (limestone  ledges, 
Perry),  Smilax  Bona-nox  (Crawford,  Harrison  and  Perry),  Hexalectris 
aphylla  (Harrison),  Galactia  volubilis  (Floyd,  Harrison  and  Perry), 
Kalmia  latifolia  (Clark,  Crawford  and  Perry),  Vaccinium  arboreum 
(Harrison,  Martin  and  Perry),  Gentiana  puberula  (Harrison) ,  Houstonia 
angustifolia  (Harrison),  Eupatoriuin  incarnatuni  (Perry),  SoUdago 
erecta  (Clark,  Crawford,  Floyd,  Harrison,  Perry  and  Washington),  and 
Sericocarpus  linifolius  (Clark,  Crawford,  Floyd,  Harrison  and  Perry). 
The  following  occur  on  the  lower  slopes  and  in  the  "flat  woods"  and 
are  listed  because  they  are  restricted  to  this  area.  Isaetes  Englemanni 
(Crawford,  Harrison  and  Orange),  Panicum,  yadkmense  (Crawford  and 
Perry),  Crotallaria  sagittalis  (Perry),  Tragia  macrocarpa  (Crawford, 
Harrison  and  Orange),  Rhamnus  caroliniana  (Crawford  and  Harrison), 
Passiflora  incarnata  (Crawford  and  Perry),  Oxydendrum  arboreum 
(Perry),  Bumelia  lycioides  (Perry),  and  Gentiana  villosa  (Harrison). 
There  are  quite  a  number  of  other  species  which  are  characteristic  of 
this  area,  which  are  sometimes  found  outside  of  it,  such  as  Agave  and 
Gillenia  stipulata. 

The  "Flats".  This  is  the  local  name  for  a  level  area  of  the  Illi- 
noian  drift,  located  principally  in  Clark,  Jefferson,  Jennings  and  Switzer- 
land counties.  The  soil  is  a  fine  whitish  clay  which  carries  a  large 
percentage  of  moisture  and  gets  very  hard  when  dry.  This  area  is 
very  level  and  has  poor  drainage,  except  where  dissected  by  streams. 
The  higher  ground  is  called  "high  flats"  and  low  ground  "low  flats". 
This  area  has  no  single  species  peculiar  to  it,  but  it  has  peculiar  plant 
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associations.  The  principal  woody  species  of  the  "low  flats"  are  Liq- 
uidambar,  Ace?-  rubrum,  Quercus  palustris,  Cory  a  ovata  and  laciniosa, 
Quercus  bicolor  in  the  north  part,  Quercus  Michauxti  in  the  central  part, 
and  Quercus  falcata  in  the  southern  part.  A  relief  of  from  one  to  five 
feet  changes  the  composition  of  the  woody  species  to  the  "high  flat" 
forest,  of  which  Fagus  grandifolia,  Quercus  alba,  Liquidambar,  Nyssa 
sylvatica,  Carya  ovata,  Liriodendron,  and  Fraxinus  americana  are  the 
principal  species.  Paspalum  circulars  and  Aristida  gracilis  are  common 
along  roadsides,  in  meadows  and  fallow  fields  of  this  area.  The  flora 
of  the  "flats"  has  not  been  made  a  special  study  and  much  is  yet  to 
be  learned  of  its  floristic  nature. 

The  Barrens.  The  so-called  barrens  of  southern  Indiana  are  re- 
stricted principally  to  Harrison  County.  Collett(17)  discusses  the  origin 
of  the  barrens,  and  says  they  occupy  the  valley  of  a  preglacial  river 
which  coursed  from  north  to  south  through  the  county.  He  says  that 
this  valley  was  from  8  to  15  miles  wide  and  from  200  to  300  feet  deep. 
He  further  adds,  "It  was  nearly  a  typical  prairie,  exhibiting  a  few 
gnarled  and  'scotched'  shrubs  or  stools,  and  covered  with  a  luxuriant 
growth  of  tall  prairie  grass,  herbs  and  vines."  Very  little  is  known 
of  the  flora  of  this  area.  J.  M.  Coulter  (18)  made  a  short  botanical  ex- 
cursion there  in  1877,  and  reported  quite  a  number  of  species.  He (19) 
also  remarks,  in  discussing  the  Clapp  herbarium,  "From  what  are  called 
the  'barrens'  the  largest  display  of  Ericaceae  and  Orchidaceae  was  ob- 
tained that  I  have  ever  seen  from  any  locality  in  Indiana."  Additional 
interest  is  attached  to  this  area  on  account  of  the  prairie  plants  found 
there.  Dr.  Clapp,  who  collected  there  between  1836  and  1848,  has  left  us 
the  following  list  of  plants  collected  there:  Chamaelirium  luteum, 
Melanthium  virginicum,  Aletris  farinosa,  Agave  virginica,  Habenaria 
ciiiaris,  Habe?iaria  flava,  Hamulus  Lupulus,  Spiraea  tomentosa,  Fili- 
pendula  rubra,  Cassia  Chamaecrista,  Baptisia  leucantha,  Poly  gala 
Senega,  Ceanothus  aniericanus,  Eryngium  yuccifolium,  Polytaenia  Nut- 
tallii,  Gentiana  linearis,  Gentiana  quinquefolia,  Frasera  caroliniensis, 
Asclepias  tuberosa,  Veronica  virginica,  Gerardia  auriadata,  Buchnera 
americana,  Lobelia  Nuttallii,  Lobelia  spicata,  Liatris  scariosa,  Solidago 
odora,  Solidago  rigida,  Aster  novae-angliae,  Silphium  terebinthinaceum, 
Brauneria  purpurea  and  Prenanthes  alba,  Dr.  Short  (20)  in  1840  re- 
ported the  following:  Aconitum  uncinatum,  Habenaria  flava  and  Heli- 
anthemum,  canadense.  Since  the  work  of  these  pioneer  botanists,  the 
original  flora  of  these  barrens  has  become  practically  extinct.  The  bar- 
rens have  either  come  under  cultivation  or  grown  up  to  a  thick  stand 
of  trees,  principally  black  and  white  oak,  many  of  which  are  about 
two  feet  in  diameter. 

Cliffs  and  Ledges.  Indiana  has  numerous  cliffs  of  various  heights 
along  her  rivers  and  creeks,  and  a  few  not  adjacent  to  streams.  The 
vertical  height  of  exposed  rock  ranges  from  a  few  feet  to  over  a  hundred. 
Most  of  the  vertical  cliffs  are  dry  and  have  but  few  pockets  of  soil, 
consequently  are  bare  of  vegetation  or  nearly  so.  A  few  are  kept  moist 
by  seepage,  and  it  is  on  these  in  Clark,  Jefferson  and  Jennings  counties 
that  Sullivantia  Sullivantii  is  found.     There  are  four  species  whose  dis- 
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tribution  is  restricted  to  dry  vertical  cliffs.  These  are  Pellaea  atropur- 
purea,  which  I  have  collected  in  Crawford,  Harrison,  Jefferson,  Law- 
rence, Orange  and  Perry  counties;  Pellaea  glabella  in  Cass,  Clark,  De- 
catur, Jefferson,  Jennings,  Monroe  and  Warren  counties;  and  Lycopodium 
porophilum  in  Crawford  and  Martin  counties.  I  have  collected  the  fol- 
lowing species  on  the  sides  of  the  cliffs  and  on  the  detached  rocks  at 
their  bases:  Polypodium-  polypodioides  in  Crawford,  Martin  and  Perry 
counties,  and  saw  it  once  in  Posey  County,' growing  on  a  live  burr  oak; 
Asplenium  Ruta-muraria  in  Jefferson  County;  Asplenium  Trichomonas 
in  Crawford,  Dubois,  Martin,  Parke,  Perry  and  Putnam  counties; 
Camptosorus  rhizophyllus  in  Clark,  Crawford,  Decatur,  Fountain,  Gib- 
son, Harrison,  Jefferson,  Jennings,  Lawrence,  Martin,  Monroe,  Mont- 
gomery, Owen,  Parke,  Perry,  Ripley,  Spencer,  Warren,  Washington 
and  Wayne  counties;  Heuchera  macrorhiza  in  Clark,  Crawford  and  Har- 
rison counties ;  Heuchera  parviflora  in  Crawford  and  Perry  counties. 
I  have  collected  Cheilanthes  lanosa  in  Perry  County  on  the  exposed 
ledges  at  the  top  of  cliffs  only;  Sedum  telephioides  in  Harrison  County 
on  the  top  and  ledges  near  the  top  of  high  cliffs;  Melica  nitens  in 
Clark  and  Harrison  counties  on  the  tops,  ledges  and  in  talus  of  high 
cliffs;  and  Polypodium  virginianum  mostly  on  the  tops  of  cliffs,  some- 
times on  ledges  and  detached  rocks  at  the  base  of  the  cliffs  in  Clay, 
Crawford,  Fountain,  Martin,  Montgomery,  Owen,  Parke,  Perry,  Putnam 
and   Warren   counties. 

Sink-holes  and  Artificial  Pools,  In  the  unglaciated  area  we  have 
numerous  sink-holes,  varying  in  area  from  a  few  square  rods  to  an 
acre  or  more.  Also  in  this  area  and  eastward  in  the  "flats",  we  have 
small  artificial  pools  made  for  watering  stock.  I  have  never  made  a 
study  of  these  habitats,  but  I  am  convinced  that  they  offer  a  splendid 
opportunity  for  a  study  of  plant  migration.  The  sink-holes  may  or  may 
not  retain  water  throughout  the  year.  I  have  never  seen  a  sink-hole, 
surrounded  by  thick  woods,  of  a  larger  area  than  about  one-eighth  of 
an  acre,  and  none  of  them  of  this  size  contained  aquatic  plants.  I 
attribute  this  to  the  fact  that  no  free  soil  is  washed  into  them 
to  neutralize  the  bog  character  of  the  water  which  is  caused  by  the 
decay  of  the  vegetation  blown  into  them,  The  sink-holes  in  cleared 
fields  where  fresh  soil  is  continually  washed  into  them,  are  surrounded 
by  vegetation  and  usually  contain  some  aquatic  plants.  It  is  to  be  noted 
that  Lophotocarpus  calycinus  is  common  in  the  sink-holes  and  artificial 
pools  from  Monroe  and  Franklin  counties  southward.  Plants  found  in 
these,  which  are  rare  in  the  state,  are  Glyceria  acutiflora  found  in  a 
pool  in  Harrison  County,  being  the  only  Indiana  record;  Sagittaria 
graminea  in  a  pool  in  Harrison  County;  and  Eleocharis  mutata  in  a  sink- 
hole in  Harrison  County. 

Direction  of  the  Mass  Distribution  of  our  Flora. 

The  number  of  plants  found  in  a  state  depends  largely  upon  the 
intensity  with  which  they  are  sought.  For  Indiana  there  have  been 
2,397  species  reported,  of  which  I  exclude  417.  Of  those  admitted,  209 
species  have  been  introduced  into  the  state,  leaving  1,771  native  species. 
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Schaffner(21)  reported  for  Ohio,  1,622  native  species  and  459  introduced 
species.  Many  of  the  plants  introduced  into  Ohio  have  also  been  intro- 
duced into  Indiana,  but  I  have  not  regarded  them  as  members  of  our 
flora.  I  have  excluded  280  species  from  our  flcra  that  are  native  to 
the  United  States,  because  their  ranges  are  beyond  our  area  or  be- 
cause we  have  no  verifying  specimens.  Of  the  417  excluded  species, 
133  have  been  introduced,  but  are  not  regarded  as  yet  established.  I 
do  not  regard  a  plant  as  a  member  of  our  flora  that  has  been  reported 
but  once  or  twice  as  an  escape.  All  escapes  should  be  reported,  but 
should  not  be  recognized  as  a  part  of  our  flora  until  they  have  shown 
their  ability  to  persist.  A  great  many  of  our  garden  plants  were  reported 
by  the  early  botanists.  In  those  days  these  escaped  more  readily  than 
now,  because  the  by-ways  and  waste  places  were  not  covered  with  grass 
and  other  vegetation  as  they  are  today.  During  the  Word  War  many 
European  species  were  introduced  in  the  cheap  grass  seed  with  which 
the  country  was  flooded.  I  recall  seeing  a  clover  field  in  Lagrange 
County  that  was  so  full  of  Viola  arvensis  that  I  first  thought  the  owner 
was  growing  this  violet  for  some  seed  firm.  The  following  year  the 
field  was  planted  to  corn  and  the  violet  disappeared.  Nearby  I  saw  a 
field  that  was  so  blue  with  Echium  vulgar e  that  it  hid  the  clover  with 
which  the  field  was  planted.  The  next  year  this  field  was  planted  to 
corn  and  at  the  end  of  the  season  no  trace  of  this  species  was  to  be 
found  except  a  few  plants  along  the  roadside.  This  place  was  observed 
again  this  year  and  I  did  not  see  a  single  plant  of  this  species.  I 
admit  this  species  to  our  flora  because  I  have  collected  it  in  various 
parts  of  the  state,  in  woods  pastures  and  along  railroads.  We  have 
some  rather  recently  introduced  plants  which  steadily  gain  ground  and 
hold  it.  Prominent  among  these  may  be  mentioned  Bromus  japonicus, 
Bromus  tectorum,  Hordeum  jubatum,  Lepidmm  campestre,  Melilotus  alba, 
Lespedeza   striata,   Daucus   Carota   and   Galinsoga   ciliata. 

I  have  classified  our  flora  on  the  basis  of  the  direction  from  which 
the  species  migrated  into  the  state.  In  making  the  tabulation  I  have 
counted  a  species  as  occurring  throughout  Indiana  if  it  occurs  in  south- 
ern Michigan,  in  Indiana  and  south  of  Indiana  in  habitats  similar  to 
those  occurring  in  Indiana.  Quite  a  few  of  our  boreal  plants  occur 
only  in  our  lake  region  but  appear  again  in  the  mountains  south  of 
Indiana.  These  have  been  tabulated  as  of  northern  distribution,  and 
not  as  occurring  throughout  the  state.  Species  have  been  regarded  as 
southern  if  they  do  not  extend  northward  into  Michigan;  western,  if 
they  do  not  occur  as  far  east  as  Ohio;  eastern,  if  they  do  not  extend  into 
Illinois;  southeastern,  if  the  mass  distribution  is  southeastern  and  they 
do  not  extend  beyond  Indiana.  Species  in  other  directions  have  been 
tabulated  likewise.  Of  the  1,771  native  species,  1,062  are  found  through- 
out the  state.  The  following  are  rare  or  local,  but  their  range  includes 
the  entire  state.1 

*Botrychium  simplex.    A  doubtful  record  for  Lake  County.     No  specimen 
seen. 


1  The  nomenclature  for  the  most  part  is  that  of  Gray's  Manual,  7th  edition.  All 
county   records  by  Deam   are  vouched  for  by  a   specimen    in   the  Deam   herbarium. 

*  I  have  accepted  species  as  members  of  our  flora  without  verifying  specimens,  if 
reported  upon   good  authority,   and   if  their    range   includes   Indiana. 
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Tripsacum  dactyloides.  Lower  Wabash  Valley  (Schneck).  No  specimen. 
Glyceria  Torreyana.     Central-eastern  Ind.   (Phinney)  ;  Noble   (Van  Gor- 

der). 
Pogonia  verticillata.     Reported  for  Jefferson  and  Monroe;  Clark  (Deam). 
Chrysoplenium    americanivm.     Marshall     (Clark)  ;    Porter     (Deam)  ;    St. 

Joseph   (Nieuwl.). 
Lespedeza  Stuvei.     Posey    (Deam). 
Napaea  dioica.     Carroll    (J.   M.   Coulter)  ;    Tippecanoe    (Cunningham)  ; 

Parke  and  Tippecanoe   (Deam). 
Zizia  cordata.     Harrison   (Deam);  Steuben   (Bradner). 
Buchnera  americana.     Harrison    (Clapp)  ;   Lake    (Deam,  and  Babcock). 

Plants    with    a    northern    range,    which    reach    a    southern    limit    in 
Indiana,  number  293.     Some  of  the  rare  ones  are  as  follows: 
Equisetum  variegaium.     Lake    (Hill,  and   Deam). 
Thuya  occidentalis.     Lake   (Hill,  and  Deam);  Porter    (Deam). 
Panicum  boreale.     Lake    (Hill,  and  Umbach). 
Panicwm  Liebergii.     Lagrange   (Deam);  Tippecanoe   (Dorner). 
Panicum  scoparioides.     Lake   ( Umbach ) . 
Panicum   subvillosum.      Lake    (Bebb). 
Oryzopsis   asperifoHa.     Laporte    (Deam). 
Poa  paludigenia.     Lagrange    (Deam). 

Scirpus  pauciflorus*     Lagrange    (Deam);    Lake    (Higley  &  Raddin). 
Eriophorum   callitrix.      Dekalb    (Deam);    Steuben    (Bradner). 
Carex  Bebbii.     Marshall    (Clark);   Noble    (Deam). 
Carex  chordorhiza.     Kosciusko  and  Whitley    (Deam). 
Carex  folliculata.     Laporte  and  Porter    (Deam);  Laporte    (Smith). 
Carex  projecta.     Hendricks    (Mrs.  Chas.  C.  Deam);  Marion   (Deam). 
Carex  Richardsoni.     Lake   (Higley  &  Raddin). 
Carex  trisperma.     Kosciusko,  Lagrange  and  Porter    (Deam). 
Calla  palustris.     Noble    (VanGorder). 
J  uncus  articulatus.     Lake   (Hill). 

Luzula  saltuensis.     Putnam  (MacDougal)  ;  St.  Joseph   (Nieuwland). 
Smilicina  trifolia.     Lake    (Higley  &  Raddin). 

Habenaria  Hookeri.     Lake   (Higley  &  Raddin);  Noble    (VanGorder). 
Habenaria  orbiculata.     Noble    (VanGorder). 

N  ym.phozanthus  variegatus.  Lake  (Shull)  ;  Lake  and  Noble  (Deam). 
Geu/m  Hvale.  Lagrange  (Deam);  Laporte  (Hill);  Noble  (VanGorder). 
Geranium  Bicknellii.     Lake  and  Starke    (Deam). 

Ceanothus  ovatus.     Lake  (Hill).     See  Deam's  Shrubs  of  Indiana,  p.  199. 
Myosotis  laxa.     Porter   (Hill  and  Deam). 
Galium   labradoricum.     Kosciusko,  Lagrange,  Laporte,  Marshall,  Noble, 

Porter    (Deam). 
Lonicera  canadensis.     Laporte    (Deam). 
Gnaphalium  decurrens.     St.  Joseph    (Deam);    Steuben    (Bradner). 

The  next  greatest  number  of  our  plants  come  from  the  south.     They 
number  270,  and  25   of  the  rarest  are  here  listed. 
Cheilanthes  lanosa.     Perry    (Deam). 
Isoetes  Engehnanni.     Crawford,  Harrison  and  Orange    (Deam). 
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Paspalum  laeviglume.     Knox    (Deam). 

Panicum  yadkinense.     Crawford  and  Perry    (Deam). 

Leptochloa  floribunda.     Posey    (Deam). 

Eragrostis  capillaris.     Harrison    (Deam). 

Cyperus  pseudovegetus.     Posey  (Deam). 

Scleria  oligantha.     Crawford  and  Perry    (Deam). 

Carex  picta.  Monroe  (Blatchley)  ;  Brown,  Bartholomew,  Monroe,  Law- 
rence, Morgan  and  Owen    (Deam). 

Hymenocallis  occidentalis.     Posey  and  Spencer   (Deam). 

Hexaiectris   aphylla.     Crawford    (Blatchley);    (Harrison    (Deam). 

Salix  longipes.     Perry   (Deam). 

Leavenworthia  uniflora.     Clark    (Baird  &  Taylor,  Barnes,  and  Deam). 

Heuchera  macrorhiza.     Clark,  Crawford  and  Harrison    (Deam). 

Heuchera  parviflora.     Crawford   and   Perry    (Deam). 

Crotallaria  sagittalis.     Perry   (Deam). 

Passi  flora  incarnata.  Harrison  and  Perry  (Deam);  also  seen  in  Craw- 
ford. 

Rhexia  mariana.     Spencer   (Deam). 

Jussiaea  decurrens.     Floyd    (Clapp)  ;   Posey  &  Spencer   (Deam). 

Oxydendrum  arboreum.     Perry    (Deam). 

V actinium   arboreum.     Harrison,  Martin   and   Perry    (Deam). 

Bumelia   lycioides.     Perry    (Deam). 

Spigelia  marilandica.     Posey    (Deam);   Marion    (?),  probably  an  error. 

Trachelospermum   difforme.      Posey    and    Warrick    (Deam). 

Eupatorium  incarnatum.     Perry    (Deam). 

We  have  31  species  whose  distribution  is  to  our  southwest.  Ten 
of  the  rarest  of  these  are  as  follows: 

Aristida  intermedia.     Lake    (Deam,  Hill,  and  Umbach). 

Muhlenbergia  glabri flora.     Posey    (Deam). 

Sporobolus  canovirens.     Elkhart,  Knox  and   Sullivan    (Deam). 

Cocculus  carolinus.  Knox,  Gibson  and  Posey  (Deam,  and  Schenck)  ; 
Perry    (Deam);    Posey    (Ridway). 

Calycocarpum  Lyoni.     Perry,  Posey  and  Spencer    (Deam). 

Vitis  palmata.     Knox,   Gibson,  and   Posey    (Deam,  and    Schneck). 

Eulopus  americanus.  Lower  Wabash  Valley  (Schneck)  ;  Vigo  (Blatch- 
ley). 

Poly  taenia  NuttallU.     Floyd    (Clapp);  Jasper  and  Laporte    (Deam). 

Houstonia  angustifolia.     Harrison   (Deam). 

Plants  entering  our  area  from  the  west  number  56,  and  only  about 
a  dozen  of  them  can  be  regarded  as  frequent  to  common  in  the  area  of 
the  state  in  which  they  are  found.     I  list  ten  of  the  rarest  ones. 

Poa   Wolfii.     Jay    (Deam). 

Cyperus   acuminatum.     Crawford   and   Greene    (Deam). 

Eleocharis  Wolfii.     Jefferson    (Deam). 

Rosa   suffulta.     Tipton    (Deam). 

Bacopa  rotundifolia.     Orange,  Warrick  and  Washington    (Deam). 

Plantago  Purshii.     Newton   and   Pulaski    (Deam). 
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Aster  Drummondii.  Putnam  (Grimes)  ;  Tippecanoe  (Deam)  ;  Vigo 
(Blatchley). 

Aster  furcatus.  Tippecanoe  (Dorner)  ;  Warren  (Deam)  ;  White  (Heim- 
lich). 

Iva  dliata.     Posey    (Deam). 

Helianthus  annuus.  Vermillion  (Deam).  Native  here  in  a  prairie 
habitat. 

Plants  with  their  mass  distribution  to  the  east  of  us  number  only 
21.     The  following  may  be  of  interest. 
Sphenopholis  nitida.     Eastern  Indiana. 
Eleocharis  Robbinsii.     Porter    (Hill);   Steuben    (Deam). 
Carex  alata.     Northern  Indiana. 
Carex  abscondita.     Southern  Indiana. 
Carex  styioflexa,     Eastern  Indiana. 
Geum  flavum.     Eastern  Indiana. 
Rubus  odoratus.     Morgan    (Blatchley)  ;  Jackson,  Lawrence  and  Morgan 

(Deam) . 
Cassia   marilandica.     Throughout,  except  the  northwestern  counties. 
Cornus  Amomum.     Jefferson    (Deam). 
Sericocarpus   linifolius.      Clark,   Crawford,    Floyd,   Harrison   and    Perry 

(Deam). 

We  have  but  two  plants  we  can  consider  as  southeastern.  These 
are  Pinus  virginiana  which  is  restricted  almost  entirely  to  the  "knobs" 
of  Clark  and  Floyd  counties;  and  Viola  emarginata  from  Laporte  County. 
The  violet  record  is  based  on  my  number  6,439,  and  was  determined  by 
Ezra  Brainerd,  but  I  believe  it  should  be  referred  to  some  other  species. 

Plants  assigned  to  the  northeast  number  six  and  are  as  follows: 
Carex  alopecoidea,  Carex  umbellata,  Maianthemum  canadense  (typical) , 
Betula  populifoUa,  Polygonum  Careyi  and  Bwrtonia  iodandra. 

The  following  £ire  Atlantic  Coast  species  which  are  found  along  or 
near  Lake  Michigan. 

Panicum  albermarlense.     Porter   (Hill). 

Panicum  debile    (P.  auburne) .     Porter    (Hill). 

Panicum  lucidulum.     Porter    (Umbach). 

Panicum  spretum.     Lake    (Pepoon)  ;  Laporte    (Hill);   Porter    (Umbach). 

Ammophila  breviligulata,     Along  the  beach  in  all  counties  along  the  lake. 

Psilocarya  nitens.     Porter    (Hill,  and  Umbach). 

Psilocarya  scirpoides.     Porter    (Hill  and  Umbach)  ;  Laporte  and  Starke 

(Deam). 
Scleria   reticularis.      Porter    (Deam,    Hill,    and    Umbach)  ;    Laporte    and 

Newton    (Deam). 
Carex  tonsa.     Lake,  Laporte  and  Porter  (Deam). 
Juncus  Greenei.     Kankakee  Valley  in  Laporte  County  (Deam). 
Juncus   Greenii.     Lake    (Hill). 

Polygonella  articulata.     Dunes  bordering  the  lake  in  all  counties. 
Cakile  edentula.     Beach  along  the  lake  in  all  counties. 
Euphorbia  polygonifolia.     Beach  along  the  lake  in  all  counties. 
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I  have  placed  the  following  five  plants  as  coming  from  the  north- 
west. 

Stijxi  spartea.     Northwestern  Indiana. 

Maianthemum  canadense  var.  interius.     Northwestern  Indiana. 
Quercus  ellipsoidalis.     Lake  and  Porter   (Hill). 
Talinum  rugospermum.     Lake   (Holzinger). 
Valeriana  edulis.   Cass  (Hessler)  ;  Marshall  (Clark,  Deam,  and  Hessler). 

We  have  five  endemics  which  are  as  follows : 
Quercus   Deamii.      Wells    (L.    A.    &    E.    B.    Williamson).      Known    only 

from   type  tree. 

(To  preserve  this  tree,  a  small  tract  of  land  on  which  the  tree  stands 
was  bought  and  presented  to  the  state  and  dedicated  to  this  tree.) 
Ranunculus  cymbalistes.     Floyd  (Deam).   Known  only  from  type  locality. 
Rudbeckia  Deamii.     Carroll    (Deam).     Known  only  from  type  locality. 
Viburnum  pubescens  var.  Deamii.     Southeastern  Indiana    (Deam). 
Viburnum  pubescens  var.  indianense.     Southern  Indiana   (Deam). 

The  last  two  no  doubt  have  a  much  wider  range  to  the  south  and 
east. 

We  have  nine  species  introduced  from  the  southern  and  western 
states.  The  following  have  become  obnoxious  weeds :  Hordeum  pusillus, 
and   Amaranthus   blitoides. 

We  have  200  species  introduced  from  foreign  countries.  Many  of 
these  have  become  obnoxious  weeds  and  are  too  well  known  to  need 
discussion. 

The  following  is  a  summary  of  the  Indiana  flora: 

Plants  found  throughout  the  state 1,062 

Plants  from  the  north 293 

Plants  from  the  south 270 

Plants  from  the  west 56 

Plants  from  the  southwest 30 

Plants  from  the  east 21 

Atlantic  Coast  species 21 

Plants  from  the  northeast 6 

Plants  from  the  northwest 5 

Endemics    5 

Plants  from  the  southeast 2 

Total  of  native  plants 1,771 

Plants  introduced  from  Europe 156 

Plants  introduced  from  Asia 17 

Plants  introduced  from  the  tropics 15 

Plants  introduced  that  are  Eurasian. 12 

Plants  introduced  from  the  southern  and  western  states 9 

Total  of  introduced  plants  admitted  to  our  flora 209 

Total  of  recognized  plants  for  Indiana 1,980 
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Recognized  plant  varieties  listed  for  Indiana,  not  included  in  the 

above    124 

Native  plants  excluded 280 

Introduced  plants  excluded 133 

Cultigens  excluded    4 

Total  of  excluded  species 417 

On  account  of  the  uncertainty  of  plant  hybrids  reported  I  am  not 
listing  them,  nor  the  few  plant  forms  reported.  It  is  to  be  noted  that  61 
species  of  our  flora  are  found  only  along  Lake  Michigan  or  near  to  it. 
Our  flora  will  be  continually  increased  by  introduced  plants.  Many  of 
the  124  varieties  reported  will  be  raised  to  the  rank  of  species,  and  we 
possibly  have  100  native  species  not  yet  discovered. 

In  conclusion  I  would  make  a  plea  for  an  immediate  and  intensive 
study  of  our  flora.  I  would  importune  teachers  of  botany  in  our  schools, 
colleges  and  universities  to  interest  themselves  in  this  work.  In  addi- 
tion to  the  field  work  they  themselves  can  do,  they  should  influence 
students  to  make  local  collections  and  deposit  them  in  our  larger  herbaria 
as  material  for  compiling  a  history  of  our  plant  life.  I  would  not  push 
taxonomic  botany  ahead  of  other  branches  of  botany,  but  morphology, 
physiology  and  cytology  of  plants  can  be  studied  a  thousand  years  from 
now.  On  the  other  hand,  a  study  of  our  plants  and  their  distribution 
must  be  made  soon  or  never. 

Further  I  would  urge,  that  the  state  purchase  tracts  in  our  botanical 
areas  and  preserve  them  as  laboratories  for  the  study  of  our  native 
fauna  and  flora.  I  would  especially  urge  that  some  lake,  with  its  sur- 
rounding native  flora,  which  should  include  a  tamarack  bog,  be  pre- 
served. This  should  be  done  at  once,  because  grazing  and  summer  re- 
sorts have  already  destroyed  much  of  our  native  lake  flora.  This  gen- 
eration has  no  idea  how  much  these  areas  will  be  worth  to  scientific 
workers  of  the  future,  and  we  should  present  them  these  areas  as  a 
gratuity,  if  not  from  a  sense  of  moral  obligation.  The  total  cost  of 
such  wild  life  laboratories  would  not  equal  the  cost  of  a  mile  of  con- 
crete road,  and  their  educational  and  economic  value  will  more  than 
justify  the  expense. 
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THE  EVOLUTION  OF  BOTANY.' 


John  Merle  Coulter,  University  of  Chicago. 

I  am  especially  interested  in  the  evolution  of  Botany  in  the  United 
States  because  my  own  botanical  experience  has  extended  throughout 
this  evolution,  beginning  with  the  primitive  stage  of  the  subject.  Inci- 
dentally, I  have  also  been  interested  in  the  evolution  of  botanists.  I 
have  learned  to  divide  them  into  two  categories :  ( 1 )  those  who  have 
evolved  with  the  subject,  keeping  pace  with  it;  and  (2)  those  who  have 
remained  static  at  various  stages  in  botanical  progress.  The  history 
of  the  subject  is  a  succession  of  modern  periods,  and  our  static  botanists 
of  today  were  once  modern,  but  they  cast  anchor  and  stopped,  while  the 
rest  of  the  fleet  sailed  on.  They  may  be  thought  of  as  mileposts,  mark- 
ing the  various  stages  of  botanical  progress. 

The  history  of  Botany  in  this  country  begins  with  taxonomy,  or 
classification.  When  I  began  to  be  a  botanist,  the  only  kind  of  research 
work  was  to  collect  and  name  and  classify  plants.  In  those  distant 
days  a  friend  of  mine,  whom  you  all  know,  went  to  a  certain  university 
as  a  student,  wishing  to  become  a  botanist.  The  professor  in  charge 
warned  him  that  Botany  was  practically  a  closed  subject,  since  nearly 
all  the  plants  had  been  named,  and  he  advised  him  to  select  some  other 
field  in  which  much  of  the  material  had  not  been  named. 

If  taxonomy  represents  the  primitive  period  in  our  botanical  evolu- 
tion, it  does  not  follow  that  all  the  taxonomists  of  today  are  static. 
The  discovery  of  species  and  the  problem  of  relationships  are  perennial, 
for  growing  knowledge  of  plants  is  always  affecting  their  classification, 
and  taxonomists  must  keep  up  to  date  in  pigeon-holing  our  material. 
It  must  be  confessed,  however,  that  there  are  still  living  some  tax- 
onomists who  are  fine  representatives  of  our  primitive  period.  My 
first  training,  therefore,  was  as  a  taxonomist,  and  my  teacher  and  guide 
was  the  outstanding  taxonomist  of  his  day,  Asa  Gray,  whose  vision 
of  Botany  extended  beyond  taxonomy. 

Our  taxonomic  period  presently  budded  out  the  next  stage  in 
botanical  evolution,  the  stage  of  Morphology.  I  was  young  enough  to 
respond  to  the  call  of  this  new  field,  and  so  became  a  morphologist,  not 
a  static  one,  I  hope.  Morphology,  of  course,  is  the  child  of  Taxonomy, 
and  it  still  depends  much  upon  its  mother.  Since  it  deals  with  structure, 
it  is  of  great  service  in  classification,  but  it  soon  developed  a  great 
field  of  its  own.  Morphology  has  had  an  evolution  which  is  very  inter- 
esting and  suggestive.  It  began,  of  course,  with  gross  superficial  struc- 
tures, such  as  the  taxonomist  used,  and  organized  them  effectively,  but 
if  it  had  advanced  no  further,  it  would  have  remained  merely  a  labora- 
tory assistant  to  Taxonomy.  However,  not  content  with  gross  super- 
ficial structures  of  plants,  it  began  to  uncover  their  gross  internal  struc- 

1  Address  p;iven  at  the  Botanists'  Dinner,   December  5,  1924,   Lafayette,  Indiana,  intro- 
ducing: Dean   Stanley   Coulter. 

"Proc.  Ind.   Acad.  Sci.,  vol.  34,  1924    (1925)." 
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tures,  and  to  develop  a  terminology  that  came  to  be  called  anatomy. 
Then  the  day  of  microscopes  dawned  upon  our  horizon,  and  we  applied 
them  to  the  minute  internal  structures,  culminating,  as  our  technique 
developed,  in  what  we  came  to  call  cytology.  It  was  all  morphology, 
although  we  gave  different  names  to  its  various  phases;  that  is,  it  was 
a  searching  for  the  structure  of  plants,  all  the  way  from  gross  organs 
to  cell  organs.  The  culmination  of  Morphology,  however,  came  when 
morphologists  turned  their  attention  from  the  structures  of  the  mature 
body  to  an  investigation  of  the  development  of  these  structures,  from  egg 
to  maturity,  and  we  named  this  Embryology.  This  certainly  solved  the 
riddle  of  many  mature  structures.  Not  only  that,  but  it  gave  us  glimpses 
of  possible  relationships  that  were  full  of  suggestion,  and  laid  the  basis 
for  the  scientific  study  of  the  evolution  of  the  plant  kingdom.  The 
evolution  of  Morphology,  therefore,  extends  from  gross  structures,  bedded 
in  taxonomy,  through  various  stages,  to  the  wonderful  field  of  evolu- 
tion. You  will  infer,  from  this  statement,  that  a  real  morphologist, 
with  any  vision  of  his  field,  can  hardly  be  static. 

After  Morphology  had  gotten  under  way,  it  began  to  become  evi- 
dent that  a  knowledge  of  structure  is  merely  preparatory  to  a  knowl- 
edge of  function,  and  in  this  way  Plant  Physiology  began  to  bud  out 
from  the  morphological  stock.  This  involved  a  new  technique,  and  an 
equipment  of  chemistry  and  physics  that  was  new  to  botany.  As  a 
consequence,  sciences  began  to  synthesize,  and  this  marks  a  new  epoch 
in  the  history  of  science,  namely,  the  checking  of  disintegration  or  analy- 
sis, and  replacing  it  by  synthesis.  It  was  realized  that  nature  is  a 
synthesis,  and  that  any  solution  of  its  problems  demands  a  combined  at- 
tack. If  morphologists  had  been  investigating  structures  without  any 
reference  to  their  functions,  too  many  physiologists  investigated  func- 
tions without  adequate  knowledge  of  the  structures  involved.  The  situ- 
ation may  be  illustrated  as  follows.  The  morphologist  was  dissecting  a 
locomotive,  without  seeing  it  in  motion;  while  the  physiologist  was  ob- 
serving the  locomotive  in  action,  without  adequate  knowledge  of  its 
structure.  Structure  means  little  apart  from  its  function;  and  function 
cannot  be  appreciated  fully  without  some  knowledge  of  the  structure 
involved. 

In  the  development  of  the  field  of  physiology,  it  was  discovered  that 
a  knowledge  of  the  activities  of  plants,  with  their  necessary  conditions, 
formed  a  substantial  basis  for  the  effective  handling  of  plants  in  agri- 
culture; in  other  words,  agriculture  then  began  to  be  scientific  rather 
than  purely  empirical.  In  this  way  Botany  began  to  be  regarded  as  a 
practical  science,  capable  of  rendering  important  public  service,  rather 
than  a  science  only  for  investigators.  In  other  words,  it  was  found  that 
it  was  not  only  "pure  science,"  but  also  could  be  made  an  "impure 
science"  by  coming  in  contact  with  field  operations. 

In  connection  with  the  development  of  physiology,  another  field  of 
work  began  to  bud  out.  The  physiologist  was  investigating*  the  activi- 
ties of  plants  in  handling  materials  provided  by  nature;  but  it  re- 
mained to  investigate  the  external  conditions  which  enabled  plants  to 
work,  to  carry  on  their  activities.  In  this  way  plant  environment  began 
to  be  investigated,  and  the  responses  of  plants  observed,  and  the  field 
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of  Ecology  began  to  develop.  It  began  with  observation  of  the  responses 
of  individual  plants  to  various  environments,  but  it  soon  developed  into 
what  may  be  called  plant  sociology,  dealing  with  plants,  not  as  in- 
dividuals, but  as  communities.  This  field  has  developed  wonderfully, 
for  the  various  kinds  of  communities  are  now  known  to  indicate  definite 
sets  of  conditions  for  plant  activity,  and  so  they  are  coming  to  be  called 
'  crop  indicators,"  meaning  that  a  natural  plant  community  can  be  used 
to  indicate  the  kind  of  crop  that  will  yield  the  maximum  return  on  that 
area.     Here  again,  Botany  has  entered  the  field  of  public  service. 

Perhaps  the  most  important  practical  development  of  Ecology  has 
been  in  the  field  of  Forestry,  which  is  really  the  application  of  Ecology 
to  the  handling  of  forests.  It  will  be  noticed  that  with  these  successive 
steps  our  subject  is  becoming  more  and  more  synthetic.  If  the  physiol- 
ogists had  to  call  in  chemistry  and  physics,  the  Geologist  has  had  to 
call  in  geography  and  geology. 

While  these  newer  phases  of  Botany  were  beginning  to  make  our 
science  useful,  another  phase  budded  out  in  connection  with  the  study 
of  plant  diseases,  or  Plant  Pathology.  The  destruction  of  crops  by 
various  diseases  was  of  course  serious  enough  to  command  attention, 
but  this  merely  introduced  the  pathologists  to  the  general  field  of  plant 
diseases,  whether  they  attacked  useful  plants  or  other  plants.  It  be- 
came a  fascinating  subject,  travelling  along  obscure  and  apparently  dis- 
connected trails.  The  parasites,  mostly  other  plants,  were  so  interesting 
that  at  first  the  pathologists  studied  only  the  parasite,  and  paid  but 
little  attention  to  the  victim.  The  disease-producing  organism  was  so 
interesting  that  the  patient  was  neglected.  Here  is  where  physiology 
called  a  halt,  and  showed  that  the  important  thing  was  to  study  the 
physiological  response  of  the  patient  to  the  invading  organism.  Here 
again  the  problem  called  for  a  synthesis  of  sciences,  the  life  history 
or  morphology  of  the  parasite  being  merely  an  introduction  to  the 
physiological  reactions  of  the  patient.  This  kind  of  investigation  was 
necessary  to  clear  the  field  of  the  numerous  nostrums  for  curing  crop 
diseases,  nostrums  that  always  take  advantage  of  ignorance  as  to  the 
real  cause  of  disease.  Of  course  the  disease-producing  organisms  must 
be  discovered,  and  their  life  histories  traced,  just  as  we  must  have  police 
records  of  the  undesirables  in  our  population,  but  this  is  the  taxonomy 
and  morphology  of  the  group,  the  basis  of  our  physiological  attack, 
and  pathology  is  really  the  investigation  of  the  abnormal  physiology  of 
the  patient  responding  to  the  presence  of  the  parasite. 

Finally,  after  this  succession  of  steps  in  the  evolution  of  Botany, 
making  us  realize  that  it  is  a  huge  continent  that  we  have  just  begun 
to  explore,  rather  than  a  single  highway  along  which  we  can  travel, 
there  emerged  gradually  the  newest  member  of  our  community  of 
subjects,  and  that  is  Genetics,  commonly  spoken  of  as  "plant  breeding," 
so  far  as  it  applies  to  plants.  Plants  were  being  studied  from  the 
standpoint  of  their  relationships,  their  bodily  equipment,  their  activities, 
their  responses  to  environment,  their  susceptibility  to  diseases;  and  then 
the  question  was  suggested,  from  what  source  does  the  plant  obtain  all 
this  functioning  equipment?  In  the  attempt  to  answer  this  question 
the  field  of   Genetics  began   to   get  busy,   through   experimental   control 
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searching  for  the  laws  of  inheritance,  popularly  called  "heredity".  We 
all  realize  how  rapidly  it  has  developed,  and  how  increasingly  intricate 
it  is  Decerning,  the  generalizations  of  one  clay  becoming  the  exceptions 
of  the  next  day.  It  has  made  also  an  increasing  synthetic  demand  on 
science  in  general,  calling  in  mathematics,  even  higher  mathematics; 
and  before  it  is  through  it  may  use  astronomy.  Even  in  the  turmoil 
stage  of  this  wonderful  field,  it  has  already  shown  itself  to  be  of  great 
practical  service,  as  has  been  every  advance  into  the  continent  we  are 
exploring.  It  is  evident  that  while  knowledge  for  its  own  sake  is  our 
ideal  of  botanical  research,  as  we  open  up  the  trails  into  unexplored 
territory,  we  are  also  discovering  gold  mines.  Of  course,  to  us,  cap- 
tured by  the  enthusiasm  of  explorers,  the  gold  mines  are  merely  inci- 
dents by  the  way,  but  to  the  human  population  in  general  they  mean 
great  national   assets. 

Genetics  has  enabled  us  to  improve  the  races  of  useful  plants,  to 
secure  new  desirable  races,  to  combat  drought  by  developing  drought- 
resistant  races,  to  fight  disease  by  developing  immune  races,  and  all 
this  as  an  incident  in  the  search  for  knowledge  of  the  laws  of  inheritance. 

This  bare  outline  of  the  evolution  of  Botany  in  my  own  botanical 
lifetime  is  but  a  prophecy  of  the  days  that  lie  before  us.  I  shall  not 
venture  upon  a  prophecy,  for  my  subject  deals  only  with  history;  but 
history  is  a  basis  of  prophecy,  and  we  all  are  asking  the  question, 
what  is  coming  next?  Botany  is  a  perennial,  putting  out  an  endless 
succession  of  shoots.  The  thing  we  must  emphasize  is  that  none  of  us 
shall  becrme  static  and  go  into  camp  when  the  train  is  moving  on. 
All  the  subjects  mentioned,  from  taxonomy  to  genetics,  are  live  subjects, 
all  the  more  alive  on  account  of  their  association  with  one  another. 
The  point  is  that  we  must  keep  developing  our  perspective  as  our  science 
develops.  We  must  work  in  our  own  particular  field  on  a  mountain 
top  chat  will  take  in  the  whole  landscape,  and  not  dig  ourselves  into  a 
pit  and  lose  all  the  botanical  perspective. 

An  organization  like  the  Indiana  Academy  of  Science  is  primarily 
intended  to  secure  perspective.  It  is  at  these  meetings  we  bring  our 
fields  together,  and  discover  that  they  form  one  landscape.  As  one 
of  the  group  that  planted  the  seed  from  which  this  Academy  has  grown, 
I  can  wish  nothing  better  for  you  than  that  your  threefold  ideal  shall 
be:  (1)  the  advancement  of  knowledge,  that  man  may  live  in  an  ever- 
widening  horizon;  (2)  the  application  of  knowledge  to  the  service  of 
man,  that  his  life  may  be  fuller  of  opportunity;  and  (3)  the  training 
of  man  in  the  methods  of  science,  that  he  may  solve  his  problems 
and  not  be  their  victim. 
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THE    EVOLUTION    OF    A    BOTANIST    AND    OF    A 
DEPARTMENT  OF  BOTANY.1 


William  Trelease,  University  of  Illinois. 

An  occasion  like  this  is  bound  to  be  more  or  less  reminiscent.  Con- 
sidering the  admitted  and  honorable  age  of  the  two  guests  Gf  honor, 
reminiscences  can  hardly  fail  to  go  back  of  day-before-yesterday. 

The  invitation  that  I  have  received  to  introduce  one  of  the  guests 
of  honor  in  such  a  way  as  to  make  you  glad  that  his  turn  to  speak  is 
quickly  coming — and  the  mildly  worded  admonition  that  we  must  hurry 
fr^m  this  room  to  assist  in  an  important  session  of  the  Academy  of 
Science — may  be  taken  as  my  reason  for  not  seizing  the  tempting  op- 
portunity to  trespass  on  the  field  of  another  by  saying  the  many  com- 
plimentary and  congratulatory  things  I  myself  should  like  to  say  of 
the  other  guest  of  honor,  Dean  Coulter. 

In  a  sense  the  segregation  is  fitting,  anyway;  for  he  and  his  intro- 
ducer are  to  be  counted  as  in  a  way  more  to  the  manner  born  than 
Professor  Arthur  and  I  who  may  have  required  more  root-pruning  than 
they  in  the  transplantation.  Whatever  the  cut  of  our  hats  and  beards 
and  the  mouthing  of  our  r's,  he  and  I  may  not  escape  the  stigma  of 
having  been  born  in  the  (more  or  less)  effete  East,  for  we  are  on  record 
as  New  Yorkers. 

I  never  have  been  privileged  to  visit  Professor  Arthur's  native  pic- 
turesque section  of  New  York;  but  there  must  be  something  in  it 
stimulating  to  a  love  of  nature.  I  can  hardly  imagine  that  Arthur  could 
have  lived  in  Lowville  as  a  child  without  imbibing  something  of  uhe 
kind  from  his  environment,  nor  that  he  could  have  escaped  something 
of  its  reflex  in  the  extra-professional  interests  and  activities  of  Dr. 
Franklin  Hough — the  founder  of  our  national  interest  in  forestry  and 
the  father  of  my  lamented  classmate  at  Cornell,  liomeyn  Hough,  whose 
wood  sections  and  tree  book  are  unique  in  their  excellence.  It  fortunately 
is  hard  to  lose  the  imprint  of  such  early  environment  and  association, 
however  great  and  enlarged  may  be  the  privileges  of  later  life. 

Half  a  century  of  such  privileges  may  work  wonders  in  any  case,  but 
in  greater  measure  with  such  a  background — other  things  being  equal. 
Naturalists  are  not  factory  made :  they  are  products  of  the  soil  and  of 
what  has  been  imbibed  from  it  in  early  life.  One  sometimes  thinks  or 
claims  that  "Ologists"  may  be  made  to  order;  but  if  so  I  fancy  that 
much  of  the  best  raw  material  for  their  manufacture  will  be  found  to 
have  acquired  grain  and  strength  and  resilience  through  natural  growth 
and  struggle  before  they  were  mechanically  worked  into  form. 

To  introduce  Professor  Arthur  as  I  wish  to,  it  really  is  necessary  to 
carry  the  preliminary  words  back  for  all  of  fifty  years;   for  I  cannot 

1  Address  inven  at  the  Botanists'  Dinner,  December  5,   1924,  Lafayette,  Indiana,   intro- 
ducing  Dr.    J.    C.   Arthur. 
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present  him,  in  the  light  in  which  I  want  to  present  him,  either  as  an 
elderly  gentleman  or  as  a  hard-worked  and  harder-working  middle  aged 
teacher;  I  want  you  to  see  the  inseparable  evolution  of  the  man  and 
of  his  science  up  to  as  well  as  through  these  culminating  periods.  To 
be  sure,  the  allotted  span  of  a  life  marks  only  a  fragment  of  the 
mnemonic  cycle  through  which  protoplasm  has  been  developing  from 
simplicity  into  efficiency,  and  it  can  experience  only  a  fragment  of 
human  achievement;  but  this  efficiency  is  cumulative  and  its  achieve- 
ment is  accelerating,  so  that  in  material  progress  Tennyson's  fifty  years 
of  Victorian  Europe  fades  before  a  decade  of  the  fifty  years  that  have 
followed  it.  It  is  these  fifty  years  in  which  Arthur's  active  life  has 
been  passed,  so  that  (for  this  occasion  only)  you  may  agree  with  me  in 
calling  it  the  Neo- Arthurian  period. 

Fifty  years  ago  some  of  us  were  teaching  botany,  others  were 
studying  botany  and  others  were  dreaming  of  teaching  or  of  studying 
botany — while  most  of  us  .had  not  begun  to  dream  at  all. 

Anyone  who  has  read  Leacock's  delightful  essays,  collected  under 
the  title  "College  Days,"  must  agree  with  him  in  recognizing  the  great 
wisdom  of  upper  classmen  when  he  himself  was  a  freshman,  and  in 
being  saddened  by  the  inconsequence  of  those  who  succeeded  him  as 
upper  classmen.  It  seems  to  take  a  long  lifetime  for  some  people  to 
outgrow  such  convictions,  formed  at  a  time  when  dwarfs  and  giants 
were  so  near  at  hand  that  the  comparison  was  bound  to  be  made  at 
every  turn. 

You  may  remember  that  in  those  far  off  days  all  professors  were 
plethoric  storehouses  of  knowledge  and  wisdcm,  patiently  overflowing 
cornucopia-wise  through  the  big  end. 

I'm  afraid  that  pygmies  and  giants  have  been  dwarfed  and  equalized 
for  most  of  us  through  the  leveling  effect  of  time  as  the  decades  have 
rolled  on.  Many  of  us  are  prepared  to  contend,  though,  that  there  were 
giants  in  those  days:  remarkably  outstanding  giants,  in  our  chosen 
field  of  plant  lore.  They  were  men  who  knew  plants,  whatever  they 
may  have  known  about  what  plants  know. 

I  owe  a  lasting  and  unpayable  debt  of  gratitude  to  Austin  Apgar 
of  the  Trenton  Normal  School  for  once  having  shown  me  and  a  roomful 
of  other  fledglings  how  easy  it  is  to  see  and  note  what  it  is  necessary 
to  see  and  note  in  order  to  find  out  what  a  plant  is  called.  I  never 
have  had  a  bit  of  instruction  in  this  delightful  and  fundamental  pastime 
of  "keying-out"  things,  beyond  this  one  hour  in  which  an  admirable 
teacher  showed  me  how  to  begin  by  using  two  books.  These  books  went 
together  like  hand  and  glove:  so  of  course  they  were  published  by  one 
highly  intelligent  house. 

Apgar,  to  me,  was  a  teacher.  The  makers  of  the  books,  to  me, 
were  the  real  botanists.  To  be  sure,  he  had  made  one  of  them,  but  it 
was  designed  to  lead  to  the  use  of  the  other.  From  that  moment,  Asa 
Gray,  the  maker  of  that  other  book,  became  a  giant  on  my  horizon, 
and  he  did  not  grow  overpowering  when  in  later  years  I  came  nearer 
to  him,  nor  has  he  shrunken  in  the  many  years  that  have  passed  since 
I  was  with  him. 


Evolution  of  a  Botanist  61 

I  fear,  though,  that  environment  may  have  had  much  to  do  with 
our  visualization  and  consequent  recognition  of  the  great  botanists,  the 
men  who  knew  plants,  the  men  who  made  "botanies,"  in  those  callow 
days.  If  we  registered  at  an  intelligence  desk  of  Ivison,  Blakeman, 
Taylor  and  Company,  in  the  seventies,  we  learned  that  Gray's  "Botanies" 
were  authoritative.  If  we  registered  at  an  information  desk  of  A.  S. 
Barnes  and  Company,  we  learned  of  the  superior  merits  of  Alphonso 
Wood's  "Botanies".  One  who  received  successive  teaching  positions 
through  both  intelligence  offices  must  have  had  an  educational  experi- 
ence in  using  now  one,  now  the  other,  in  the  classes  he  taught;  for 
Gray  still  is  esteemed  the  outsanding  American  botanist  of  his  day, 
but  some  of  the  plants  that  Wood  could  not  get  him  to  recognize  have 
come  into  their  own  since  their  status  has  ceased  to  interest  either  man. 

To  know  botany  was  really  equivalent  to  knowing  what  to  call 
plants  and  something  about  classifying  them;  not  that  a  very  excellent 
understanding  of  their  external  morphology — on  which  classification  was 
and  is  based — had  not  been  worked  out,  nor  that  their  structure  and 
functions  had  not  been  studied,  and  for  a  very  long  time;  but  that 
few  people  found  interest  in  these  phases  of  botany. 

A  student  of  botany  in  the  seventies,  where  this  reminiscence  begirr 
had  the  great  good  fortune  to  have  his  plastic  interest  come  under  the 
formative  influence  of  Sachs,  the  great  reformer  whose  German  Lehr- 
buch  appeared  and  also  passed  into  an  English  Textbook  then.  Directly 
or  indirectly  his  concept  of  botany  reached  across  the  water. 

Today  many  of  our  middle-aged  botanists  were  "made  in  Germany," 
but  the  botanists  of  half  a  century  ago  were  home-made.  They  have 
worn  pretty  well  beside  the  imported  article.  Beal,  Burrill  and  Bessey 
were  of  these  pioneers  in  the  "new  botany".  Burrill  once  said  to  me 
that  he  regretted  that  he  never  had  been  privileged  to  study  in  another 
man's  laboratory.  Necessity  always  has  mothered  invention  in  a  sort  of 
apogamic  way. 

After  this  trio  come  three  men  who  ought  to  be  foremost  in  today's 
gathering.  If  only  Barnes  were  living,  he  and  not  I  should  introduce 
Arthur,  for  the  A  B  C  in  the  new  settlement  following  the  frontier 
exploration  of  an  amplified  botany  was,  literally,  Arthur,  Barnes  and 
Coulter.  What  Coulter  has  done  for  micro-morphology,  Barnes  did  with 
rare  originality  for  physiology,  and  Arthur  has  done  for  micro-taxonomy. 

I  have  been  asked  to  introduce  one  of  the  guests  of  honor,  Pro- 
fessor Arthur,  one  of  these  three;  and  the  other  guest  of  honor,  Dean 
Coulter,  has  fallen  to  the  other  living  member  of  the  group.  Unlike 
either  of  the  others,  Arthur  did  go  abroad  for  early  guidance,  and  to 
the  greatest  of  Sach's  disciples — but  like  the  others  he  blazed  his  own 
trail. 

One  of  the  earliest  men  to  be  known  as  a  phyto-pathologist,  when 
this  member  of  the  content  of  the  new  botany  was  beginning  to  make 

itself  known,  he  graduated  into  it  in  the  most  promising  way through 

knowing  his  home  flora,  through  making  it  inclusive  of  the  lower  forms 
and  through  teaching  the  high  points  of  their  morphology  and  physiology 
as  well  as  those  of  the  commonly  studied  flowering  plants. 
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DeBary  had  made  the  parasitism  of  the  rusts  certain;  many  men 
in  many  lands  had  made  them  known  in  many  of  their  forms;  to 
Arthur  belongs  the  merit  of  classifying  a  large  group  of  them  on  a 
well  rounded-out  and  consistently  applied  morphological  basis.  In  his 
person  and  his  achievements  I  am  able  to  present  to  you  at  once  an 
example  of  half  a  century's  development  in  a  recondite  branch  of 
botany,  and  of  its  reciprocal,  a  developed  modern  botanist — Professor 
Arthur. 
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THE    CONSERVATION    COMMISSION    AND    ITS    WORK. 


Stanley  Coulter,   Purdue  University. 

There  is  every  reason  why  the  members  of  this  Academy,  and 
through  them  the  citizens  of  Indiana,  should  have  definite  knowledge  of 
the  work,  the  achievements,  and  the  cost  of  the  State  Department  of 
Conservation.  It  is  the  one  great  agency  for  the  protection  and  develop- 
ment of  the  natural  resources  of  the  state.  It  would  be  out  of  place  in 
this  connection  to  detail  the  lines  of  work  which  it  undertakes  or  to 
recite  the  manifold  ways  in  which  it  functions  for  the  benefit  of  the 
state.  It  works  through  six  great  divisions  each  presided  over  by  a 
chief  who  directs  the  work  of  the  division.  These  divisions  are  Geology, 
Entomology,  Forestry,  Lands  and  Waters,  Fish  and  Game,  and  Engi- 
neering. The  very  names  of  the  divisions  indicate  with  sufficient  ac- 
curacy the  scope  of  their  work. 

This  attempt  to  unify  all  of  the  scientific  interests  of  the  state 
was  put  into  operation  in  1919.  The  cost  to  the  state  has  been  abso- 
lutely nothing.  As  a  matter  of  fact,  the  commission  through  its  years 
of  work  has  returned  to  the  state  more  than  the  total  appropriations  for 
its  support.  From  April  1,  1919,  to  September  30,  1924,  the  figures 
are  as  follows: 

Total  expenditures    $1,420,971  81 

Receipts  from  appropriation  and  governors  contingent  fund      557,968  15 
Receipts  from  earnings  of  department 863,003  66 

Cash,  balances  on  hand  September  30,  1924 $91,044  41 

Appraisals,  September  30,  1923 — 

Turkey   Run    $150,000 

McCormick's   Creek    25,000 

Muscatatuck    10,000 

Cliffy  Falls 125,000 

Clark  County  State  Forest 10,000 

Fish  Hatcheries 70,000 

390,000  00 

Improvements  in  1924 — 

McCormick's   Creek $4,000 

Muscatatuck    2,000 

Cliffy  Falls   45,000 

Road— Cliffy   Falls 20,000 

Hatcheries    36,000 

107,000  00 


1,044  41 
Value  of  equipment $40,000  00 
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This  shows  that  on  September  30,  1924,  the  value  of  the  state  hold- 
ings, listed  above,  exceed  by  over  $70,000  the  amount  of  appropriations 
rnd  other  tax  funds.  It  is  a  question  as  to  whether  there  is  another 
case  in  any  state  in  which  in  so  short  a  time  such  a  showing  has 
been  made. 

The  publications  of  the  State  Department  of  Conservation  cover 
47  titles  as  follows:  Trees  of  Indiana,  Laws  of  Indiana  Relative  to 
Natural  Resources,  The  Digest  of  the  Laws,  Digest  1920  Edition,  The 
Why  and  Wherefore  of  Conservation  in  Indiana,  Turkey  Run  State 
Park,  Indiana  Kaolin,  Lake  Maxinkuckee,  Oil  and  Gas  Report,  Fish 
Culture,  Proceedings  of  Tri-State  Forestry  Conference,  One  Hundred 
Years  of  Natural  Resources,  Forest  Reserve  Guide,  First  Annual  Re- 
port, Second  Annual  Report,  Survey  of  Natural  Resources,  Breeding 
of  Skunk,  Fish  and  Game  Laws,  Assessment  of  Forest  Lands,  Points 
of  Interest  in  Indiana,  Handbook  of  Geology,  Game  Warden's  Statistics, 
Chinch  Bug,  Game  Warden  Manual,  Auto  Camp  Sites,  Third  Annual 
Report,  Points  of  Interest  (revised  edition),  Indiana  Woodlots  and  Their 
Management,  Food  Fishes  of  Lake  Winona,  Conservation  in  Indiana, 
Planting  and  Care  of  Shade  Trees,  Black  Walnut,  Fish  and  Game  Laws, 
Fourth  Annual  Report,  Turkey  Run  Booklet,  Guide  to  Forest  Reserve, 
Cat  and  Dog  Fleas,  McCormick's  Creek  Canyon,  Bee  Laws,  Fish  Cul- 
ture, Fish  and  Game  Laws,  Geological  Conditions  in  Oil  Fields  of  South- 
western Indiana,  Brood  and  Adult  Bee  Diseases,  Shrubs  of  Indiana, 
Lav/  and  Regulations  Affecting  Oil  and  Gas  Operations  in  Indiana, 
Trails  in   Turkey  Run   State   Park,   Trails   in   Clifty   Falls   State   Park. 

Some  of  these  such  as  the  ''Trees  of  Indiana",  "Lake  Maxinkuckee 
Biological  Survey",  "The  Handbook  of  Geology",  "The  Oil  and  Gas 
Report",  and  the  "Shrubs  of  Indiana",  are  exceptionally  fine  examples 
of  the  scientific  and  at  the  same  time,  the  practical  work  of  the  com- 
mission. These  publications,  which  are  of  such  high  value  as  a  record 
of  our  natural  resources,  could  not  have  been  issued  by  any  other 
agency  in  the  state.  A  study  of  this  list  of  publications  will  indicate 
more  clearly  than  any  words  of  mine,  the  wide  range  as  well  as  the 
scientific  and  practical  value  of  the  work  of  the  various  divisions  of 
the  commission. 

Perhaps  in  no  other  way  has  the  Conservation  Commission  more 
clearly  demonstrated  its  value  to  the  state  than  in  establishing  the 
state  parks  which  have  become  in  the  brief  period  of  their  administra- 
tion by  the  commission,  among  the  most  notable  and  most  largely  visited 
state  parks  in  the  United  States.  Very  few  people  perhaps  realize  the 
fact  that  in  our  largest  park,  Turkey  Run,  there  are  over  75,000  paid 
admissions  each  year,  nor  do  they  realize  that  at  Clifty  Falls,  the  most 
recently  organized  and  equipped  of  the  parks,  the  record  of  attendance 
is  rapidly  approaching  that  of  Turkey  Run.  The  other  parks  because 
of  their  location  and  because  of  their  relatively  small  size,  while  not 
so  largely  visited,  are  functioning  admirably  for  the  pleasure  and  health 
of  the  citizens  of  Indiana.  When  to  these  areas  there  shall  be  added 
the  dime  region,  the  state  will  have  developed  perhaps  the  most  com- 
prehensive and  carefully  selected  system  of  parks  in  the  United  States. 
The  distribution  of  the  parks  is  such  as  to  meet  the  convenience  of  the 
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people  of  the  state  and  they  exhibit,  perhaps,  a  more  interesting  and 
widely  diversified  series  of  physical  features  than  can  be  found  in  any 
other  commonwealth. 

The  Fish  and  Game  Division  in  its  work  at  the  fish  hatcheries 
is  developing  methods  and  securing  results  which  are  of  the  highest 
scientific  interest  and  of  the  greatest  practical  result.  So  valuable  has 
been  the  work  that  it  is  being  constantly  expanded  in  order  to  meet 
the  demands  made  upon  it.  No  appraisal  of  the  value  of  the  Con- 
servation Commission  to  the  state  can  be  made  without  a  thorough 
study  of  the  splendid  work  of  the  Division  of  Fish  and  Game.  In  addi- 
tion to  the  establishment  of  these  fish  hatcheries,  the  Division  of  Fish 
and  Game  recently  acquired  large  tracts  of  land  to  be  utilized  as  game 
preserves.  While  the  main  purpose  of  these  areas  is  game  preservation, 
they  will  be  managed  through  the  Division  of  Forestry  in  such  a  way 
as  to  demonstrate  the  possibility  of  using  waste  and  apparently  sterile 
lands   profitably   for   forestal   purposes. 

The  work  of  the  Division  of  Engineering  is  perhaps  less  spectacular 
than  that  of  the  other  divisions  of  the  commission.  It  is,  however,  of 
very  great  practical  importance,  especially  from  the  standpoint  of  the 
conservation  of  the  water  power  of  the  state.  It  also  serves  in  pre- 
venting the  pollution  of  streams,  in  the  maintenance  of  lake  levels,  in 
the  determination  of  stream  flow,  and  in  a  host  of  other  ways  protecting 
the  state  from  those  who  would  exploit  its  natural  resources. 

The  work  of  the  Divisions  of  Entomology  and  Geology  has  been 
long  recognized  as  of  the  highest  practical  value  to  the  citizens  of  the 
state.  The  work  of  these  divisions  is  perhaps  better  known  to  the 
members  of  the  Academy  than  that  of  the  divisions  just  discussed. 
There  is,  therefore,  no  reason  to  repeat  in  this  connection  the  results 
which  they  have  achieved. 

In  addition  to  the  parks  indicated  above,  the  State  Forest  Reserve 
in  Henry  County  covering  3,500  acres  of  land  is  administered  by  the 
Forestry  Division  and  probably  there  is  no  better  location  for  a  deter- 
mination of  the  question  as  to  possible  profits  to  be  derived  from  forest 
operations  in  waste  areas.  The  soil  is  extremely  thin  and  sterile.  The 
topography  is  such  as  to  preclude  successful  agricultural  operations. 
Unless  this  large  area,  representative  of  much  of  the  hill  land  of  the 
southern  counties,  can  be  profitably  utilized  for  forestal  purposes,  it 
is  an  absolute  loss  to  the  state.  Experiments  covering  24  years  have 
been  conducted  on  this  tract  of  land;  first,  by  the  State  Board  of 
Forestry  and  later  by  the  Conservation  Commission.  As  a  result  of 
the~e  studies,  the  Conservation  Commission  is  in  possession  of  the 
largest  body  of  data  concerning  the  growth,  sylvical  qualities,  the  cost 
and  the  possible  profits  of  hardwood  trees  that  exists  in  the  country. 
The  collection  of  such  data  necessarily  covers  a  long  period  of  years, 
but  in  the  relatively  near  future,  conclusions  can  be  drawn  from  these 
experiments  which  will  serve  to  give  direction  and  certitude  to  woodlot 
planting  by  the  farmers  of  the  state. 

This  brief  outline  of  the  work  of  the  commission  is  very  far  from 
complete.     Some  very  remarkable  results  have  been  secured  in  the  way 
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of  protecting  the  rights  of  the  state  as  regards  coal,  gravel,  water 
power,  etc.  The  immediate  results  of  this  work  have  been  considerable. 
The  ultimate  result  will  be  almost  incalculable.  The  members  of  this 
Academy  should  view  with  satisfaction  the  work  of  the  Conservation 
Commission  and  should  wherever  possible,  express  this  satisfaction  to 
those  who  have  less  knowledge  of  its  record. 

This  paper  may  be  considered  in  the  nature  of  a  report  to  the 
Academy  through  whose  nomination  I  hold  my  position  as  a  member  of 
the  commission. 
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CITY  "SMOGS"  IN  PERIODS  OF  GENERAL  FAIR 
WEATHER. 


J.  H.  Armington,   U.   S.  Weather  Bureau,  Indianapolis. 

Many  cities  using  a  large  amount  of  soft  coal  are,  under  certain 
conditions  and  during  periods  when  fair  weather  prevails  generally  over 
their  respective  regions,  subject  to  visitations  of  smoke  and  fog  com- 
binations— recently  called  "smog" — of  such  density  as  to  become  quite 
annoying,  interfering  much  with  the  usual  activities  of  the  area  affected 
and  causing  considerable  personal  discomfort.  At  such  times  the  dark- 
ness of  night  settles  over  the  business  or  industrial  sections,  artificial 
light  is  usually  necessary  in  buildings,  street  lighting  is  sometimes  re- 
quired and,  somewhat  more  rarely,  the  density  and  penetration  of  the 
smoke-fog  are  such  that  a  peculiar  pungent  odor  similar  to  that  of 
burned  gunpowder   is   distinctly  noticeable  even  within   enclosed   rooms. 

An  inspection  of  the  weather  maps  over  a  period  of  several  years 
at  Indianapolis,  and  previously  at  Chicago,  during  the  periods  of  these 
smog  conditions,  makes  it  apparent  that  the  conditions  favorable  for 
the  formation   of   smoke-fog   are   two : 

(1)  A  high  barometer,  the  sea-level  reduction  ranging  from  30.1 
to  30.6  inches,  with  the  accompaning  field  of  high  pressure  of  faint 
gradient  central  over  the  city,  or  just  passing  over  it,  during  the  night 
preceding  the  occurrence;  and, 

(2)  A  late  autumn,  winter  or  early  spring  season,  when  the  longer 
nights  under  clear  skies  render  radiation  especially  effective  in  chilling 
the  atmosphere  to  a  point  near  saturation.  The  late  autumn  appears 
to  be  particularly  favorable,  probably  for  the  same  reasons  that  cause 
the  more  frequent  occurrence  of  ground  fogs  during  that  time. 

This  slowly  drifting  area  of  high  barometric  pressure  gives  rise 
to  clear  skies  over  the  general  area  in  which  the  city  is  situated,  while 
the  faint  gradient  actuates  but  little  lateral  movement  of  the  mass  of 
surface  air.  In  fact,  the  wind  in  such  conditions  often  drops  to  two 
miles  an  hour  or  less,  and  sometimes  appears  to  be  altogether  stag- 
nant. There  is,  of  course,  often  a  slow  settling  of  cooled  air  toward 
the  ground  as  its  density  increases  under  radiation,  and  this  slow  settling 
may  have  some  slight  effect  in  retarding  the  initial  rising  tendency  of 
the  smoke  volume.  However,  in  any  case,  the  lateral  movement  is 
entirely  too  slow  to  carry  away  the  smoke  as  fast  as  it  is  vomited  into 
the  air. 

The  formation  of  the  smog  does  not  necessarily  require  a  certain 
temperature,  although  usually  the  readings  on  the  previous  afternoon 
are  moderate  for  the  season  and  drop  during  the  night  to  10°  above  the 
freezing  point  or  somewhat  lower.  With  such  temperatures  at  the  lower 
end  of  the  diurnal  range — particularly  in   autumn,  when   the   range  is 
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rather  large — ordinarily  a  point  near  saturation  is  reached  during  the 
latter  part  of  the  night  or  early  morning.  The  chilling  due  to  night 
radiation,  however,  is  in  the  case  under  consideration  of  itself  sufficient 
to  produce  very  little  or  no  fog,  and  the  surrounding  and  residence 
sections  of  the  city  remain  practically  clear  of  both  fog  and  smoke. 

Now,  sometime  before  daybreak,  and  usually  attendant  upon  the 
unbanking  and  heavy  coaling  of  large  furnace  fires  in  the  business  dis- 
trict in  preparation  for  the  coming  day's  activities,  there  is  poured  into 
this  chilled  atmosphere  dense  volumes  of  smoke  from  the  numerous 
chimneys.  The  countless  soot  particles,  rising  at  first  and  slowly  spread- 
ing out,  are  chilled  rapidly  by  conduction  and  radiation  to  temperature 
somewhat  below  that  of  the  surrounding  nearly  saturated  air.  Con- 
densation results  upon  these  soot  particles  as  their  temperature  passes 
the  dew  point,  and  with  them  as  nuclei  the  formation  of  fog  begins 
and  proceeds  increasingly.  At  the  same  time,  this  added  moisture  in- 
creases the  weight  of  the  particles  sufficiently  to  arrest  more  shortly 
their  upward  movement  and  to  cause  them  to  descend  more  rapidly  with 
the  settling  air  to  the  levels  of  the  street. 

The  weather  continues  quite  clear  overhead,  the  observer  on  ex- 
ceptionally tall  buildings  or  towers  often  seeing  the  sun  rise  entirely 
unobscured  but  at  the  same  time  being  unable  to  discern  objects  on 
the  streets  below  him.  Those  who  live  in  the  affected  areas  arise  to 
a  dark,  gloomy,  damp-feeling,  chilly,  depressive  morning,  sometimes 
disagreeably  smelly  of  exploded  gunpowder;  while  those  living  in  the 
suburbs  at  the  same  moment  are  invigorated  by  a  clear,  snappy,  zestful 
and  bracing  atmosphere.  Passage  from  the  one  area  into  the  other  is 
as  marked,  and  often  nearly  as  sudden,  as  passing  into  or  emerging 
from  a  long  tunnel. 

As  this  smog  is  brought  about  by  the  over  chilling  of  smoke  parti- 
cles in  an  air  already  chilled  to  near  saturation,  it  might  naturally  be 
expected  that  amelioration  would  set  in  immediately  following  the  time 
of  minimum  air  temperature  shortly  after  sunrise.  Ordinarily,  however, 
this  is  not  the  case  on  the  street  and  office  levels,  and  the  condition  con- 
tinues usually  for  two  or  three  or  more  hours  with  practically  undimin- 
ished intensity.  The  fog,  indeed,  may,  and  probably  does,  begin  dis- 
sipation at  its  upper  surface  shortly  after  the  temperature  there  begins 
its  rise  for  the  day,  but  the  pall  is  so  dense  at  its  lower  levels  that  the 
sun's  rays  do  not  penetrate,  and  there  is  no  consequent  rapid  warming. 
The  temperature  shows  only  a  slight  rate  of  rise  from  the  low  point  of 
the  morning  as  compared  with  that  of  the  outside  area.  There  is  for 
a  short  time,  usually  to  be  noted  a  gradual  increase  in  the  relative 
humidity,  which,  with  the  continued  addition  of  smoke  from  chimneys, 
causes  even  an  aggravation  of  the  smog  for  some  time  after  the  mini- 
mum temperature  is  reached. 

It  is  usual,  therefore,  for  the  dense  combination  to  continue  in 
the  affected  area  until  the  warming  up  of  the  general  air  mass  of  the 
surrounding  region  has  proceeded  to  a  degree  sufficient  to  give  rise  to 
convection  currents  that  increase  the  lateral  wind  movement,  and  these 
often  within  a  period  of  ten  to  fifteen  minutes  carry  the  pall  away  and 
restore    normal    conditions.      The    temperature,    which    has    risen    only 
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slowly  under  the  blanket,  in  a  very  short  time  assumes  that  of  the 
general  air  mass,  while  the  relative  humidity  falls  as  rapidly  and  in 
corresponding  measure. 

On  the  night  and  morning  of  October  24,  1924,  the  distribution  of 
the  weather  elements  over  the  eastern  half  of  the  country  was  almost 
ideal  for  the  formation  of  intense  smog  in  the  city  of  Indianapolis,  as 
shown  by  the  weather  map  of  that  date  (fig.  1).  An  exceptionally 
large  field  of  high  barometer,  drifting  slowly  southeastward  over  the 
Great  Lakes  and  the  Ohio  Valley,  was  central  directly  over  the  city  on 
the  night  in  question,  with  a  sea-level  barometer  at  7  a.  m.  of  30.6  inches. 
This  occasioned  an  extensive  area  of  clear  skies  over  the  eastern  parts 
of  the  country,  the  only  pronounced  cloudiness  within  a  great  distance 
from  Indianapolis  being  at  Buffalo,  where  the  expanse  of  Lake  Erie 
to  the  westward  toward  the  HIGH  accounts  for  the  formation  of  clouds 
at  that  place. 

Owing  to  the  very  faint  gradient  throughout  the  region,  as  shown 
by  the  isobars,  the  wind  in  the  exact  center  (Indianapolis)  was  more 
or  less  variable  in  direction,  and  dropped  almost  to  a  calm,  being  less 
than  two  miles  an  hour  in  velocity  during  practically  the  entire  time 
from  3  a.  m.  to  10  a.  m.  It  will  be  noted,  however,  that  the  wind 
directions  at  the  surrounding  weather  bureau  stations  along  the  en- 
closing line  of  30.6  inches  tend  toward  the  proper  relation  to  that  isobar, 
and  the  movement  at  these  places  was  recorded  generally  as  from  five 
to  nine  miles  an  hour.  At  none  of  these  surrounding  stations  was 
smog  noticeable,  although  at  most  of  them  there  was  a  varying  amount 
of  "city  smoke,"  but  at  only  one — Columbus,  Ohio — was  this  reported  as 
of  more  than  the  "usual  amount". 

At  Indianapolis,  however,  smog  of  the  most  aggravated  type  oc- 
curred, beginning  in  the  latter  part  of  the  night  as  smoke  which  later 
combined  with  fog  and  became  so  dense  during  the  early  morning  hours 
as  to  necessitate  the  full  complement  of  electric  lights  in  the  down-town 
office  buildings.  In  the  outskirts  of  the  city  the  sky  was  at  all  times 
cloudless  and  there  was  no  trace  of  smoke  or  fog;  and  while  in  the 
city  the  sky  was  clear  and  visible  from  the  weather  bureau  tower  on 
the  roof  of  a  15-story  building,  on  the  street  it  was  impossible  to 
see  any  object  more  than  one  block  distant.  Just  before  10  a.  m.  the 
rise  in  temperature  was  sufficient  to  promote  convection.  The  wind 
increased  to  mere  than  five  miles  an  hour,  and  thereafter  conditions 
became   rapidly   better,   and   the    strong  odor   of   the    smog'   disappeared. 

In  common  with  Indianapolis,  most  other  large  cities,  having  con- 
gested business  districts  in  which  soft  or  inferior  coals  are  burned  ex- 
tensively without  sufficient  care  in  firing  or  the  use  of  smoke  consumers, 
suffer  from  such  visitations  under  the  conditions  described;  and,  it  may 
reasonably  be  expected,  will  continue  to  so  suffer  until  effective  action 
has  been  taken  to  do  away  with  the  great  volumes  of  soot  poured  into 
the  atmosphere. 
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THE  TYPES  OF  ERRORS  MADE  IN  THE  PURDUE 
ENGLISH  TEST  BY  HIGH  SCHOOL  BOYS. 


Geraldine  Frances  Smith,  Hammond. 

This  study  was  made  in  order  to  determine  some  of  the  more  com- 
mon errors  made  by  high  school  boys  in  the  various  phases  of  English. 
It  attempted  to  take  the  study  of  deficiencies  in  English  out  of  the 
range  of  conjecture  by  measuring  the  condition  with  a  standardized 
English  test,  and  thus  free  the  results  from  personal  bias.  The  study 
went  one  step  further  in  its  effort  to  determine  by  an  intelligence  test, 
the  correlation,  if  any,  between  the  use  of  correct  English  and  general 
intelligence.  The  results  of  the  mental  test  indicated  only  a  slight 
relationship  existing  between  the  use  of  correct  English  and  native 
ability.  Thus  showing  that  good  usage  in  English  is  a  question  of 
careful  training  and  drill. 

The  data  for  this  study  were  secured  from  results  obtained  by 
giving  the  Purdue  English  test,  Form  2,  and  the  Pressey  Intelligence 
Test  to  a  selected  group  of  boys  in  high  schools  in  Indiana,  New  York, 
Ohio,  Illinois,  Minnesota,  Kansas,  and  California,  in  cities  having  less 
than  ten  thousand  in  population. 

Approximately  200  tests  were  used  in  each  of  the  states  with  the 
exception  of  Indiana  where  something  more  than  2,200  were  given.  In 
each  of  these  seven  states  the  tests  were  given  to  100  vocational  agricul- 
ture boys  and  to  an  equal  number  of  non-vocational  boys  in  the  same 
grade.  The  tests  were  administered  by  a  teacher  in  the  school  and  with 
his  assistance  the  boys  scored  the  results.  These  scores  were  later 
checked  by  the  writer  in  order  to  secure  greater  accuracy  in  the  grading. 
It  was  not  advisable  to  give  both  tests  in  any  given  school  on  the  same 
day,  but  the  two  tests  were  given,  however,  within  a  period  of  one 
week.  By  selecting  at  random  500  cases  from  Indiana  and  100  from 
each  of  the  other  states,  the  results,  with  the  exception  of  those  in 
punctuation,  were  based  upon  1,100  cases.  Because  of  the  enormous 
labor  required  to  tabulate  each  type  of  error  made  in  each  of  the  20 
sentences  in  punctuation,  ten  typical  sentences  were  selected  from  which 
to  secure  results  in  the  total  1,100  cases.  One  finds  that  200  cases  if 
taken  at  random  are  an  adequate  number  to  use  as  the  basis  for  con- 
clusions, that  is,  there  is  very  little  variation  after  the  first  two  hundred. 

The  Purdue  English  Test  is  made  up  of  seven  parts.  It  tests  for 
punctuation,  for  grammar,  for  choice  of  words,  for  literary  information, 
for  spelling,  for  vocabulary,  and  for  reading.  The  results  from  the 
punctuation  test  show  the  trends  in  this  subject — one  standing  for  the 
use  of  much  punctuation  is  general;  the  other,  the  use  of  as  little 
punctuation  as  possible.  Punctuation  is  a  rather  mechanical  memory 
habit,  and  the  accurate  use  of  it  is  the  result  of  drill  and  practice. 

The  Grammar  results  show  that  such  sentences  as  "What  kind  of 
picture  was  shown?"  and   "A  series  of  lecture  is  given  every  winter." 
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as  the  type  of  sentences  which  causes  the  greatest  difficulty  in  correct 
usage.  The  test  for  Choice  of  Words  was  inadequate  since  the  choice  was 
between  two  words  and  the  element  of  "guessing"  was  50  per  cent. 

In  the  Literary  Information  test  the  element  of  "guessing"  had 
been  reduced  to  25  per  cent  from  the  two  foregoing  tests :  Grammar  and 
Choice  of  Words — by  giving  a  choice  of  four  words  rather  than  two. 

Some  of  the  more  outstanding  errors  were  made — that  29  per  cent 
thought  that  Walt  Whitman  was  an  English  writer;  that  34  per  cent 
thought  Tennyson  wrote  "Sesame  and  Lilies;"  that  26  per  cent  thought 
the  quotation,  "What  is  so  rare  as  a  day  in  June?"  was  from  "Lady  of 
the  Lake;"  and  21  per  cent  thought  it  was  from  "Evangeline;"  that  21 
per  cent  thought  "Ben  Hur"  a  short  story;  that  24  per  cent  thought 
Harriet  Beecher  Stowe  wrote  in  defense  of  the  Indian;  that  34  per 
cent  of  those  answering  thought  the  quotation,  "God's  in  His  Heaven, 
All's  right  with  world,"  was  from  Longfellow,  while  18  per  cent  under- 
lined Browning;  that  19  per  cent  thought  Addison  a  poet,  19.5  per  cent 
thought  him  a  novelist  and  18.1  per  cent  thought  him  a  dramatist;  22 
per  cent  thought  "Paradise  Lost"  a  fine  allegory;  20  per  cent  thought 
"The  Taming  of  the  Shrew"  was  written  by  Goldsmith. 

The  Spelling  form  used  in  this  test  was  different  from  the  usual 
spelling  tests,  in  that  the  method  employed  was  that  of  detecting  the 
error  rather  than  the  aural  method  to  which  the  student  is  accustomed. 
Of  the  30  words  given  in  the  test  15  were  incorrectly  written.  The 
words  most  frequently  missed  by  those  taking  the  test  were  the  mis- 
spelled words.  This  test  was  a  good  measure  of  the  accuracy  of  ob- 
servation. 

The  Vocabulary  test  was  the  hardest  part  of  the  entire  test.  In  this 
test  four  words  in  parenthesis  followed  the  word  given.  The  word  in 
the  parenthesis  was  synonymous  with  the  given  word  to  be  underlined. 
Some  of  the  more  outstanding  errors  made  were: 

The  word  "intrinsic"  had  21  per  cent  who  regarded  it  as  synonymous 
with  "false"  and  25  per  cent  "fierce;"  for  "vicissitude,"  12  per  cent  gave 
the  correct  synonym  while  22  per  cent  gave  "hate"  and  19.8  per  cent 
"steadiness"  while  36  per  cent  did  not  attempt  it;  15.9  per  cent  gave 
"imitate"  as  the  correct  word  for  "propitious;"  33  per  cent  thought 
"frivolity"  similar  to  "cogency";  34  per  cent  gave  "audience"  for  "ses- 
sion;" 21  per  cent  gave  "worthy"  for  "trenchant;"  31  per  cent  gave 
"sweet"  for  "palpable;"  28.6  per  cent  gave  "obvious;"  for  the 
word  "dissemble"  20.6  per  cent  gave  "produce,"  24.4  per  cent  gave 
"pick";  for  the  word  "tenaciously"  23.6  per  cent  gave  "correctly"; 
23.8  per  cent  "honesty"  for  "fallacy";  23  per  cent  gave  "boldness"  for 
"reticence";  20.3  per  cent  gave  "relax"  for  "vie";  21  per  cent  of  those 
answering  gave  "chance"  for  "purport". 

The  Reading  test,  even  though  not  a  difficult  one,  shows  that  most 
pupils  make  errors  because  of  inadequate  comprehension  and  that  a 
high  correlation  exists  between  reading  and  general  intelligence. 

In  comparing  Indiana  with  the  other  states  in  each  part  of  the  test, 
this  state  stood  lowest;  Illinois,  first;  New  York,  second;  California, 
third;  Minnesota,  fourth;   Kansas,  fifth;  and  Ohio,  sixth. 
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This  study  may  be  carried  further  by  giving  these  same  boys  an- 
other standardized  English  test  and  by  correlation,  determine  the  validity 
of  the  foregoing  results.  Also,  similar  studies  should  be  made  in  Mathe- 
matics, History,  Science,  and  Foreign  Language  to  find  Indiana's  pro- 
ficiency in  comparison  to  the  other  states  in  these  subjects. 

English  is  fundamentally  different  from  every  other  subject  taught 
in  the  public  school  curriculum.  It  is  a  subject  where  the  larger  part 
of  the  training  is  received  from  outside  of  the  classroom.  The  pupil 
does  not  imitate  or  "pick"  up  History,  Mathematics,  or  Science.  Per- 
haps English  grammar  should  be  taught  in  the  high  school;  perhaps 
greater  emphasis  should  be  placed  upon  spelling,  vocabulary,  or  reading; 
perhaps  the  main  need  is  for  extensive  and  intensive  attention  to  Eng- 
lish in  every  subject  in  high  school.  Various  methods  should  be  tried 
systematically,  measured,  and  comparisons  made  with  the  results. 
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THE  SUB-TRENTON  FORMATIONS  OF  INDIANA. 


W.  N.  Logan,  Indiana  University 

Our  knowledge  of  the  geological  formations  in  Indiana  which  are 
older  than  the  uppermost  part  of  the  so-called  Trenton  limestone  is 
derived  solely  from  the  study  of  drillings  from  deep  wells.  Deep  well 
drilling  in  the  search  for  natural  gas  began  in  Indiana  about  the  year 
1886.  Within  the  succeeding  decade  a  large  number  of  wells  had  been 
drilled  in  many  parts  of  the  state.  However,  none  of  the  earlier  wells 
penetrated  below  the  base  of  the  Ordovician,  in  fact  none  of  them 
reached  the  base  of  the  Ordovician.  One  of  the  deepest  of  the  early 
wells  was  drilled  in  the  southwest  corner  of  the  court  house  square  at 
Bloomington.  This  well  had  a  depth  of  2,730  feet  and  was  completed  in 
the  Shakopee  limestone  at  a  point  some  400  feet  above  the  base  of  the 
Ordovician. 

Attempts  were  made  to  correlate  the  formations  encountered  in  the 
deeper  wells  but  in  the  light  of  more  recent  studies  some  errors  of 
correlation  resulted.  For  instance  the  St.  Peter  sandstone  of  the  Or- 
dovician was  correlated  with  the  Potsdam  sandstone  of  the  Cambrian. 

Interpretations  and  earlier  correlations  were  based  largely  upon  the 
records  furnished  by  well  drillers,  and  very  little  study  of  drillings  was 
undertaken.  Very  naturally  drillers  made  errors  in  interpretation  which 
led  to  errors  of  correlation. 

In  recent  years  drillings  from  many  deep  wells  have  been  obtained 
and  these  have  been  studied  in  the  laboratory  to  the  end  that  we  are 
now  able  to  correlate  with  greater  confidence. 

The  deepest  well  in  Indiana  was  drilled  at  Greentown  in  Howard 
County.  This  well  was  drilled  by  the  Chicago  Gas  Company.  It  lacks 
only  four  feet  of  being  4,000  feet  in  depth.  Through  the  courtesy  of 
that  company  the  writer  has  obtained  a  remarkably  complete  set  of 
drillings  from  this  well.  The  samples  taken  were  for  each  five  feet  of 
depth.  A  study  of  these  samples  and  the  samples  from  other  deep  wells 
in  Indiana  has  enabled  the  writer  to  make  the  following  correlations 
of  the  Sub-Trenton  formations  of  the  state.  The  most  complete  section 
was  obtained  from  the  Greentown  well  and  that  section  is  referred  to 
in  the  succeeding  pages  as  the  type  section. 

The  Ordovician  Period. 

The  St.  Peter  Sandstone. — The  formation  immediately  underlying 
the  Trenton  limestone  in  Indiana  is  the  St.  Peter  sandstone  which  be- 
longs to  the  Canadian  division  of  the  Ordovician.  The  sandstone  is  com- 
posed of  small  rounded  grains  of  translucent  to  transparent  quartz 
which  are  cemented  with  a  calcareous  or  dolomitic  cement.  The  size  of 
the  grains  of  the  St.  Peter  sandstone  at  its  outcrop  at  Ottawa,  Illinois, 
varies  from  .1  mm  to  1  mm  in  diameter,  the  average  being  about  .5  mm. 
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The  grains  from  the  Indiana  wells  are  much  smaller,  ranging  from  .01 
mm  to  .2  mm  in  diameter.  Among  the  quartz  grains  are  many  par- 
ticles of  pyrite.  Where  these  particles  have  been  oxidized  the  quartz 
grains  are  stained  yellow  though  the  sandstone  is  commonly  white. 

The  thickness  of  the  St.  Peter  in  Indiana  varies  from  15  feet  to 
more  than  200  feet.  It  appears  to  have  a  minimum  thickness  near  the 
apex  of  the  Cincinnati  geanticline  and  to  increase  in  thickness  in  the 
basins  beyond  the  arch.  There  is  apparently  an  increase  in  fineness  of 
grain  from  bottom  to  top. 

At  East  Chicago  the  St.  Peter  has  a  thickness  of  75  feet;  at  Green- 
town,  120  feet;  at  Cloverdale,  70  feet;  at  Bloomington,  224  feet;  at 
Greensburg,  188  feet;  and  at  Middlefork,  210  feet. 

The  Shakopee  Limestone. — The  formation  which  underlies  the  St. 
Peter  sandstone  in  Indiana  is  a  white  to  yellowish-gray,  cherty,  dolomitic 
limestone  which  the  writer  has  assigned  to  the  Shakopee  formation  of 
the  Canadian  division  of  the  Ordovician. 

While  the  formation  is  largely  limestone  there  are  layers  of  sand- 
stone and  thin  beds  of  chert  present.  Near  the  middle  of  the  formation 
there  are  some  layers  of  sandstone  which  are  fine  of  grain  and  resemble 
the  St.  Peter  in  texture  and  appearance.  The  thickness  of  the  Shakopee 
in  Indiana  varies  from  72  to  100  feet,  usually,  though  at  East  Chicago 
the  formation  is  credited  with  a  thickness  of  314  feet.  In  the  Greentown 
well  the  thickness  is  80  feet;  in  the  Lacrosse  well,  95  feet;  in  the  Clover- 
dale  well,  72  feet;  and  in  the  Greensburg  well,  100  feet. 

The  New  Richmond  Sandstone. — A  calcareous  sandstone  lies  be- 
neath the  Shakopee  limestone.  This  formation  is  correlated  with  the 
New  Richmond  which  is  the  basal  member  of  the  Canadian  division  of 
the  Ordovician.  The  drillings  from  the  formation  consist  of  rounded 
quartz  grains  of  white,  yellow  or  brown  color.  They  also  contain 
pyrite  crystals  and  white  and  yellow  calcareous  particles  and  a  few 
chert  particles. 

The  thickness  of  the  New  Richmond  in  Indiana  varies  from  26  to 
210  feet.  In  the  Cloverdale  well  the  thickness  assigned  to  it  is  210  feet; 
in  the  Greentown  well,  180  feet;  in  the  Middle  Fork  well,  45  feet;  in 
the  East  Chicago  well,  26  feet. 

The  Oneonta  Dolomite. — A  coarse  cherty  limestone  which  underlies 
the  New  Richmond  sandstone  has  been  correlated  with  the  Oneonta  dolo- 
mite, which  may  be  Cambrian.  The  driRings  of  this  formation  are  com- 
posed of  coarse  particles  of  limestone  and  chert  which  are  white  or 
yellow  in  color.  Pyrite  crystals  are  present  and  many  of  the  grains  are 
stained  with  limonite. 

This  formation  is  placed  by  Ulrich  and  Walcott  in  the  Ozarkian 
division  of  geologic  time.  In  Wisconsin  the  formation  has  a  thickness 
varying  from  100  to  200  feet.  In  Indiana  the  thickness  varies  from 
67  to  105  feet.  In  the  Greentown  well  the  assigned  thickness  is  100 
feet;  in  the  Cloverdale  well,  67  feet;  in  the  Lacrosse  well,  70  feet;  in  the 
Greensburg  well,  94  feet;   and  in  the  East  Chicago  well,  105  feet. 
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The  Madison  Sandstone. — Drillings  from  the  Greentown  well  show 
a  fine  grained  calcareous  sandstone  lying  beneath  the  Oneonta  dolomite. 
This  formation  has  been  assigned  to  the  Madison  formation.  The  thick- 
ness of  the  sandstone  is  30  feet  which  is  the  thickness  it  attains  in 
eastern  Wisconsin.  In  the  other  deep  wells  of  the  state  the  Madison  is 
not  differentiated  but  it  is  probably  included  in  the  Oneonta. 

The  Mendota  Dolomite. — A  fine  sandy  dolomitic  limestone  lies  be- 
neath the  Madison  sandstone  in  the  Greentown  well.  This  formation  has 
been  assigned  to  the  Mendota.  Its  thickness  is  25  feet  and  in  eastern 
Wisconsin  it  has  a  thickness  of  20  feet.  In  the  other  deep  wells  of  In- 
diana, the  formation  has  not  been  differentiated  and  probably  is  included 
with  an  adjacent  formation.     The  Mendota  is  included  in  the  Ozarkian. 

The  Devil's  Lake  Sandstone. — In  the  Greentown  well  the  drillings 
reveal  the  presence  of  a  white  fine-grained  sandstone  beneath  the  Men- 
dota dolomite.  This  formation  has  been  assigned  to  the  Devil's  Lake 
horizon  of  the  Ozarkian.  The  drillings  consist  of  fine  quartz  grains, 
some  broken  fragments  of  larger  quartz  grains,  some  pyrite  concretions, 
and  calcareous  matter.  The  thickness  of  the  sandstone  in  the  Greentown 
well  is  100  feet  and  it  has  about  the  same  thickness  in  eastern  Wisconsin. 
This  formation  is  assumed  by  the  writer  to  be  the  basal  member  of  the 
Ozarkian  in  northern  Indiana. 

The  Cambrian  Period. 

The  Jordan  Sandstone. — Below  the  Devil's  Lake  sandstone  is  a 
sandstone  composed  of  larger  grains  which  are  stained  red  or  grayish- 
brown  in  color.  This  formation  contains  much  more  pyrite  than  the 
overlying  sandstone.  It  has  been  assigned  to  the  Jordan  formation  of 
the  Cambrian.  It  has  a  thickness  of  150  feet  in  the  Greentown  well.  As 
differentiated  in  the  Cloverdale  well  it  has  a  thickness  of  223  feet;  in 
the  Greensburg  well  200  feet ;  and  in  the  Bryant  well,  60  feet.  In  the 
latter  some  of  the  rocks  above  may  belong  to  the  Jordan  horizon.  The 
formation  in  the  Bryant  well  contains  fresh  water.  The  Jordan  is  the 
source  of  fresh  water  supplies  in  the  Chicago  region. 

The  Lodi  Shale. — In  the  Greentown  well  the  Jordan  sandstone  rests 
upon  a  bed  of  shale  which  has  a  thickness  of  45  feet.  This  shale  is 
probably  equivalent  to  the  Lodi  shale  in  the  Wisconsin  section  of  Ulrich. 
In  his  Wisconsin  section  Ulrich  suggests  the  Thempealeau  Epoch  to  in- 
clude the  Norwalk  sandstone,  the  Lodi  shale  member,  the  St.  Lawrence 
limestone  and  a  basal  shale  (unnamed).  The  Norwalk  sandstone  is 
absent  in  eastern  Wisconsin  and  appears  to  be  absent  in  Indiana.  At 
least  the  writer  was  not  able  to  differentiate  the  horizon.  The  Lodi  shale 
has  a  thickness  of  50  feet  in  western  Wisconsin  and  a  maximum  thick- 
ness of  25  feet  in  eastern  Wisconsin. 

The  St.  Lawrence  Limestone. — Beneath  the  Lodi  shale  is  a  shaly 
dolomitic  limestone  which  has  a  thickness  of  45  feet  in  the  Greentown 
well.  The  St.  Lawrence  has  been  used  by  some  writers  to  include  more 
than  the  limestone  stratum.     The  basal  shale  layer  which  is  present  in 
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the  Wisconsin  section  seems  to  be  absent  in  Indiana.  In  the  Iowa  sec- 
tion the  St.  Lawrence  is  represented  by  50  feet  of  sandy  dolomitic  lime- 
stone, which  corresponds  very  closely  with  the  thickness  in  the  Green- 
town  well. 

The  Franconia  Sandstone. — A  series  of  glauconitic  sandstones  con- 
taining thin  beds  of  shale  and  shaly  limestone  lie  below  the  St.  Law- 
rence limestone  in  Indiana.  Three  divisions  are  recognizable.  The  up- 
permost is  a  shaly,  calcareous,  greensand  which  has  a  thickness  in  the 
Greentown  well  of  120  feet.  The  middle  member  consists  of  limestones 
and  shales  containing  less  glauconite  and  measuring  140  feet  in  thick- 
ness. The  lowest  member  is  composed  of  greensands,  shales  and  lime- 
stones which  contain  a  larger  amount  of  glauconite  than  the  middle 
member.     The  lowest  member  has  a  thickness  of  100  feet, 

The  Mazomanie  dolomitic  sandstone  which  occurs  in  the  eastern 
Wisconsin  section  above  the  Franconia  does  not  appear  to  be  present  in 
Indiana.  The  basal  members  which  are  present  in  western  Wisconsin 
are  not  present  in  Indiana  although  the  total  thickness  in  Indiana  is 
greater  than  the  total  thickness  given  for  the  formation  in  Wisconsin. 
The  glauconitic  particles  are  in  the  form  of  grains  and  the  casts  of 
microscopic  shells  of  foraminifera. 

The  Dresbach  Sandstone. — The  Franconia  formations  rest  upon  a 
gray  sandstone  containing  a  calcareous  cement,  a  fine  grain,  and  green- 
sand  particles.  The  thickness  of  the  formation  in  the  Greentown  well  is 
290  feet.  The  writer  has  correlated  it  with  the  Dresbach  which  is  pres- 
ent in  Minnesota  and  in  Wisconsin  sections  in  which  it  is  given  a  maxi- 
mum thickness  of  250  feet. 

The  Eau  Claire  Sandstone. — The  Eau  Claire  formation  in  Wisconsin 
consists  of  350  feet  of  shales.  In  the  Greentown  well  below  the  Dres- 
bach sandstone  there  is  a  series  of  sandstones,  sandy  cherts,  and 
shales  which  have  a  thickness  of  305  feet  which  the  writer  has  as- 
signed to  the  Eau  Claire  horizon.  The  sandstone  is  composed  of  small 
rounded  quartz  grains.  The  chert  and  shale  seem  confined  to  the  middle 
portion  of  the  formations  which  contain  much  pyrite  and  magnetic  iron 
particles. 

The  Mt.  Simon  Sandstone. — The  Mt.  Simon  sandstone  as  it  is  rep- 
resented by  drillings  from  the  Greentown  well  consists  of  a  coarse 
grained,  red  colored  rock  composed  of  rounded  quartz  grains  among 
which  are  particles  of  pyrite  and  magnetite.  This  formation  in  western 
Wisconsin  has  a  thickness  of  more  than  200  feet  while  in  eastern  Wis- 
consin the  thickness  exceeds  700  feet.  The  thickness  in  Indiana  is  500 
feet. 

The  Algonkian  Peroid. 

The  Bayfield  Sandstone. — The  Mt.  Simon  sandstone  is  assumed  to 
close  the  Upper  Cambrian  or  St.  Croixan  Epoch  in  Wisconsin.  Below  the 
Mt.  Simon  sandstone  in  the  Greentown  well  there  are  about  50  feet  of  red 
and  white  medium  grained  sandstone  which  may  represent  a  portion  of 
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the  Bayfield  stage  of  the  Keweenawan  Epoch  of  the  Algonkian  period. 
This  sandstone  contains  many  particles  of  magnetic  iron  compounds. 

The  Igneous  Intrusion. — Below  the  50-foot  stratum  of  sandstone  the 
drill  penetrated  an  intrusion  of  igneous  rock  which  has  a  thickness  of  20 
feet.  This  intrusion  appears  to  be  a  dike  or  sheet  of  diabase.  This 
igneous  rock  is  composed  of  feldspar,  magnetite,  and  smaller  quantities 
of  other  minerals. 

The  formation  immediately  below  the  igneous  rock  is  sandstone  of 
the  same  appearance  and  composition  as  the  sandstone  immediately 
above  the  intrusion.  The  thickness  of  the  lower  sandstone  is  31  feet 
but  the  well  was  completed  at  this  depth,  namely  3,996  feet. 

In  the  preparation  of  this  discussion  the  writer  acknowledges  his 
indebtedness  to  the  reports  of  the  State  Surveys  of  Wisconsin,  Iowa, 
Illinois  and  Michigan.  Especially  to  ''Notes  on  New  Names  in  Table  of 
Formations  and  on  Physical  Evidence  of  Breaks  between  Paleozoic  Sys- 
tems in  Wisconsin,"  by  E.  O.  Ulrich,  Trans.  Wis.  Acad.  Sci.  Arts  and 
Letters,  July  1924,  and  to  "Some  Deep  Borings  in  Illinois"  by  J.  A. 
Udden,  111.  Geol.  Sur.  Bui.,  No.  24,  1914. 
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THE  GENESIS  OF  THE  OHIO  RIVER. 


Gerard  Fowke,  Madison,  Indiana.1 

This  paper  presents  the  views  of  the  author  relative  to  the  develop- 
ment of  the  Ohio  River.  An  attempt  is  made  to  reveal  the  general  pre- 
glacial  drainage  lines,  and  to  show  how  the  present  Ohio  River  came  into 
being  through  glacial  derangement  of  the  pre-glacial  drainage,  at  and 
near  the  margin  of  the  glacial  limits,  between  the  Mississippi  and  the 
Kanawha  rivers.  The  paper  is  based  very  largely  upon  surface  phe- 
nomena as  they  appear  to  an  amateur.  The  data  and  interpretations 
presented  are  not  claimed  to  be  free  from  error,  but  it  is  hoped  that  the 
paper  has  sufficient  merit  to  attract  the  attention  of  geologists  who 
may  more  fully  present  the  data  and  who  are  capable  of  calling  atten- 
tion to  and  correcting  faulty  conclusions,  where  such  occur. 
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Fig.  1.  A  portion  of  the  Ohio  River  drainage  system,  showing  locations  of  narrows 
which  mark  the  sites  of  sags  or  notches  in  former  major  divides  between  pre-glacial 
stream  systems. 


1  The  author  is  under  especial  obligations  to  Prof.  C.  A.  Malott  for  his  careful 
revision  and  correction  of  this  paper,  for  his  valuable  suggestions  and  for  the  prepara- 
tion  of  the  accompanying   maps. 
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Fig.  2.  Sketch  map  showing  probable  northward  flowing  stream  systems  which 
were  obstructed  by  glacial  ice  from  the  north.  These  stream  systems  were  combined  to 
make  the  present  Ohio  River  by  ponded  waters  breaking  down  the  divides  between  them. 
Their  northern   portions  are  now  chiefly  obscured  under  thick  drift  deposits. 


The  Ohio  follows  a  course  more  devious  and  irregular  than  that  of 
any  other  river  of  its  size  and  importance.  From  Pittsburgh,  the 
general  direction  of  the  stream  is  northwest  to  the  mouth  of  Beaver 
River;  thence  southwest  and  west  to  Yellow  Creek;  south  to  Fishing 
Creek;  southwest,  then  northwest,  to  the  Muskingum;  southwest  to 
the  Little  Kanawha;  west  to  the  Little  Hocking;  south  to  Ravenswood; 
from  there,  by  a  tortuous  course  to  Letart  Falls;  then  northwest  to 
Pomeroy;  southwest  to  the  Guyandotte;  west  to  the  Big  Sandy;  north- 
west to  the  Little  Scioto;  southwest  to  the  Kinnickinnick;  north  of  west 
to  the  Great  Miami;  south  to  Sugar  Creek;  southwest  to  the  Kentucky 
River;  west  to  Madison;  southwest  to  Salt  River;  northwest  to  Blue 
River;  southwest,  with  many  abrupt  short  curves,  to  Cloverport;  north- 
west to  Anderson  Creek;  southwest  and  west  to  the  Wabash;  south  to 
the  Tradewater;  south  of  west  to  Golccnda;  south  nearly  to  the  Tennes- 
see; northwest  to  Grand  Chain;  finally,  southwest  to  the  Mississippi. 

Within  these  general  trends  are  numerous  minor  curves  and  bends, 
some  of  thorn  very  abrupt.  There  are  several  stretches,  notably  those 
between  Hockingport  and  Pomeroy,  Ohio;  between  New  Richmond,  Ohio, 
and  Warsaw,  Kentucky;  between  Leavenworth  and  Tell  City,  Indiana; 
between  Newburg,  Indiana,  and  the  mouth  of  the  Wabash — where  a 
steamboat  following  low  water  channels  will  have  its  prow  directed, 
within  a  few  miles'  run,  toward  nearly  every  point  of  the  compass. 
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The  diversity  of  the  topography  along  the  river  impresses  the 
traveler.  From  the  head  of  the  river  until  well  below  Vanceburg  the 
stream  flows  between  high  hills,  mostly  of  sandstones  and  shales,  some- 
times with  steep  gradients  from  base  to  summit,  again  more  gently 
sloping  or  with  a  succession  of  elevations  within  a  short  distance.  In 
places,  vertical  bluffs  overhang  the  river  bottom  or  rise  above  masses 
of  talus  descending  steeply  to  the  water's  edge.  On  the  Kentucky  side, 
opposite  the  mouth  of  the  Scioto,  a  hill  of  the  latter  description  has  an 
elevation  of  nearly  600  feet  above  low  water.  Near  Manchester  the 
reck  formations  become  different;  sandstones  disappear,  only  shales  and 
limestones  occur,  and  from  here  to  the  mouth  of  Salt  River  the  hills  are 
generally  lower  than  those  in  the  sandstone  area,  with  rounded  dome- 
like or  truncated-conical  tops  where  they  are  cut  off  by  ravines  from 
the  adjacent  uplands.  At  Salt  River  the  Ohio  passes  from  a  lowland 
into  an  upland,  cutting  through  a  high  sandstone  escarpment  capped 
with  limestone,  known  in  Kentucky  as  "Muldraugh's  Hill"  and  in  In- 
diana as  "The  Knobs"  or  the  Knobstone  Escarpment.  The  bordering 
hills  are  high  and  precipitous.  A  few  miles  below  here  it  enters  a  tor- 
tuous trench  in  heavy  bedded  limestones,  with  steep  hills  or  vertical 
bluffs  and  narrow  bottom  lands  on  either  side,  almost  to  Cloverport. 
Then,  to  Shawneetown,  the  hills  gradually  recede  from  the  stream  and 
diminish  in  height.  Below  Shawneetown  they  are  somewhat  higher, 
steeper,  and  closer  to  the  river,  until  near  the  mouth  of  the  Cumberland. 
From  Metropolis  down,  the  country  flattens. 

It  would  appear  that  a  river  having  the  length  of  the  Ohio,  with  as 
many  large  tributaries,  would  flow  through  a  valley  whose  breadth 
would  at  least  to  a  slight  degree  become  greater  from  the  source  to  the 
mouth.  Variations  in  bottom  slope  and  in  the  hardness  of  the  rock 
formations  bordering  the  stream,  would  have  some  influence  upon  this 
feature;  if  these  alone  were  concerned  it  would  be  comparatively  easy 
to  determine  which  portions  should  be  wider  and  which  narrower.  There 
is  also  a  natural  diversity  due  to  lateral  erosion  or  side-cutting.  This 
sometimes  has  a  rhythmic  alternation  which  may  produce  nodes 
analogous  to  those  of  a  vibrating  string  fastened  at  the  ends;  the  cur- 
rent may  swing  by  turns  to  either  side  above  or  below  the  node,  but  at 
that  particular  point,  it  will  hold  practically  the  same  channel.  Narrow- 
ing due  to  this  cause  may  be  noted  at  various  points  along  the  Ohio ;  but 
there  are  also  variations  which  can  not  thus  be  accounted  for.  The 
valley  as  a  whole,  will  progressively  widen  for  a  greater  or  less  distance 
— there  is  no  regularity  in  the  changes — then  narrow  almost  to  a  gorge 
or  canyon ;  then  widen  again ;  and  such  alternations  are  to  be  found 
along  the  entire  length  of  the  river. 

The  width  of  bottom  lands  must  vary  according  to  the  position  of 
the  hills  by  which  they  are  restricted;  but  their  elevations  above  the 
water,  and  the  number  of  terraces,  are  independent  of  the  breadth.  At 
seme  places  almost  the  entire  area  between  the  hills  is  under  water  in 
great  floods;  at  other  places  only  a  small  portion  may  be  submerged. 
Occasionally  there  is  only  one  level;  but  in  most  places  there  are  distinct 
terraces,  sometimes  as  many  as  five  rising  successively  betwean  the  river 
and  the  hill. 
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Especial  interest  attaches  to  the  fact  that  in  portions  of  the  valley, 
particularly  in  the  interval  between  Portsmouth  and  Madison,  a  number 
of  creeks  and  ravines  flow  the  wrong  way  in  relation  to  the  prevailing 
drainage;  that  is,  the  course  of  these  feeders  between  the  points  where 
they  rise  and  where  they  discharge  is  directed  up  instead  of  down  the 
river.  This  occurs  only  where  the  river  valley  is  becoming  narrower 
below  the  junction  point  of  such  tributaries. 

A  majority  of  the  creeks  and  rivers  discharging  into  the  Ohio  from 
the  north  flow  through  valleys  whose  width  is  out  of  all  proportion  to  the 
size  of  the  stream  draining  them.  Some  of  these  valleys  are  much  wider, 
and  a  few  of  them  have  buried  rock  floors  much  deeper  than  the  main 
stream  has  where  they  enter  it  or  at  some  point  farther  down. 

A  study  of  all  these  phenomena  led  Prof.  W.  G.  Tight,  then  of 
Denison  University  at  Granville,  Ohio,  to  the  conclusion  that  the  Ohio 
as  a  continuous  river,  in  the  upper  400  miles  of  its  course,  did  not 
exist  prior  to  the  beginning  of  the  glacial  epoch,  and  that  its  origin  was 
due  to  the  breaking  down  by  glacial  floods  of  barriers  between  older 
streams  of  whose  channels  the  new-born  waterway  took  possession.  Some 
of  these  had  flowed  in  the  same  direction  as  the  Ohio,  or  "down  stream," 
as  we  would  say  in  present  conditions;  others  were  headed  "up  stream"; 
while  still  others  had  flowed  in  channels  which  were  cut  across  in  such 
manner  that  the  upper  portion  and  the  lower  portion  of  the  former 
valley  are  now  found  on  opposite  sides  of  the  Ohio.  Tight  found  his 
first  clue  in  the  relief  map  of  the  State  of  Ohio.  From  the  general 
trend  of  lowlands  and  highlands  he  was  convinced  that  the  early  drain- 
age of  eastern  and  central  Ohio  had  been  toward  the  north  instead  of 
toward  the  south  and  west.  He  brought  this  conception  to  public  notice 
in  papers  read  before  the  Ohio  Academy  of  Science  about  1895;  later 
he  published  the  results  of  his  completed  researches  in  Professional 
Paper  No.  13  of  the  United  States  Geological  Survey.  It  is  sufficient 
for  present  purposes  to  state  that  Fishing  Creek,  in  West  Virginia, 
flowed  northward  from  near  New  Martinsville,  through  the  upper  Ohio 
to  Beaver,  Penn.,  where  it  joined  the  Monongahela  and  found  its  outlet 
in  the  direction  of  Lake  Erie;  that  the  Kanawha  flowed  westward  from 
St.  Albans,  past  Huntington,  to  Wheelersburg,  Ohio,  where  it  turned 
north;  that  the  Kinnickinnick  and  smaller  streams,  down  to  Manchester, 
flowed  eastward,  then  northward  through  the  present  Scioto  Valley  and 
joined  the  Kanawha  in  the  vicinity  of  Waverly.  From  here  the  old 
river  is  easily  traceable  to  the  north  line  of  Ross  County,  beyond  which 
point  it  is  obliterated  by  glacial  drift.  Tight  believed  that  it  flowed 
northwestward  toward  the  upper  Wabash.  Possibly  it  joined  the  buried 
channel  mapped  by  Bownocker;  or  it  may  have  continued  northward 
toward  the  western  end  of  Lake  Erie. 

There  is  general  agreement  now  among  geologists  that  a  divide 
existed  at  Manchester,  Ohio,  from  which  the  water  flowed  eastward,  as 
just  described,  and  westward  toward  Cincinnati.  Before  this  fact  was 
known,  however,  Prof.  Joseph  L.  James1  of  Cincinnati  pointed  out  thrt 
the  Ohio  formerly  made  a  loop  to  the  northward  from  the  mouth  of  the 

1A  Brief  History  of  the   Ohio  River,   Popular   Science  Monthly,   April,   1891. 
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Little  Miami,  nearly  to  Hamilton  and  then  down  the  Great  Miami  to  its 
present  channel.  His  interpretation  is  followed  by  some  later  writers. 
James  bases  his  conclusions  upon  the  width  of  the  old  valley  and  the 
slight  depth  at  which  bed-rock  is  found  below  Cincinnati.  He  believed 
this  to  be  the  only  place  along  the  Ohio  where  the  river  so  nearly 
reaches  solid  bottom;  but  similar  floors  have  since  been  discovered.  He 
was  also  of  the  opinion  that  the  river  divided  at  the  mouth  of  the  Little 
Miami,  one  branch  following  the  present  Mill  Creek,  and  the  two  joining 
north  of  Cincinnati ;  it  is  now  known  that  this  was  not  the  case. 

Leverett2  and  Fenneman3  have  adopted  James's  theory.  Fenneman 
seems  to  have  done  his  work  in  this  region  entirely  independently  of 
those  who  had  already  studied  the  region  quite  thoroughly,  as  he  makes 
no  mention  of  them ;  neither  does  he  refer  or  allude  to  any  report  or  map 
published  previously  to  the  time  of  his  researches,  although  his  map  is  in 
some  respects  almost  a  facsimile  of  one  published  in  the  Cincinnati 
Commercial-Gazette  in  February,  1899. 

J.  A.  Bownocker,  "History  of  the  Little  Miami  Valley,"  in  Ohio 
Acadamy  of  Science,  Special  Paper  Number  3,  1900,  shows  various 
changes  in  drainage  conditions.  The  lower  end  of  the  Little  Miami  was 
only  a  small  creek  beginning  at  Foster's  above  Loveland.  All  the 
drainage  above  this  was  reversed,  or  toward  the  north;  it  finally  fell 
into  the  Great  Miami,  some  of  it  at  Middletown,  some  near  Tippecanoe. 
The  East  Fork  of  Little  Miami  is  a  pre-glacial  valley  of  great  age, 
being  wide  and  deep.  It  flowed  west  through  the  drift-filled  valley  north 
of  Cincinnati  to  Mill  Creek  basin  somewhere  near  Carthage,  and  so 
into  the  Great  Miami.  The  latter  flowed  north  past  Piqua  and  up  the 
valley  of  Loramie  Creek  to  the  vicinity  of  Berlin,  where  it  joined  an- 
other (buried)  stream.  This  has  been  traced  as  far  to  the  westward 
as  Grant  County,  Indiana,  directly  toward  the  Wabash  below  Hunting- 
ton. Beyond  here  its  course  is  not  known.  It  seems  almost  certain, 
though  not  yet  established,  that  this  is  a  continuation  of  the  deep  valley 
in  Champaign  County,  Ohio. 

A  paper  by  the  present  writer,  read  before  the  Ohio  Academy  of 
Science  in  1897,  published  in  The  Bulletin  of  Denison  University,  Vol. 
II,  1898,  was  the  first  to  point  out  that  the  Licking  River  of  Kentucky, 
in  pre-glacial  time,  flowed  northward  in  the  Great  Miami  Valley.  No 
suggestion  was  made  then  as  to  its  course  beyond  Dayton;  but  the 
buried  channel  described  by  Bownocker  offers  an  outlet.  Owing  to  in- 
sufficient investigation  and  hasty  preparation,  that  article  contained 
some  entirely  erroneous  statements,  which  met  with  prompt  and  just 
criticism.  They  were  corrected  in  a  later  report  published  in  Special 
Paper  No.  3,  1900,  of  the  Ohio  Academy  of  Science. 

Opportunity  for  access  to  the  general  literature  of  the  subject  hav- 
ing been  restricted,  other  reports  or  papers  not  mentioned  herein  may 
have  been  overlooked ;  any  omission  is  not  intentional. 

2  Leverett,   F.,   Monogr.   41    U.   S.   Geol.    Surv.,    1902.    pp.    116-118. 

3  Fenneman,    N.    M.,    Geology    of    Cincinnati    and    Vicinity,    4th    Series,    Bull.    19    Geol. 
Surv.  of   Ohio,   1916,   pp.   113-124. 
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Professor  Tight's4  work  along-  the  upper  portion  of  the  river  is 
very  thorough.  The  present  paper  is  concerned  chiefly  with  the  Ohio 
below  Manchester  or  that  portion  not  considered  in  detail  by  Tight. 

The  names  of  the  present  streams  will  be  given  to  the  older  streams 
flowing  through  the  same  valleys,  except  where  this  might  result  in  con- 
fusion as  to  which  one  is  meant;  in  which  case  another  name  will  be 
adopted.  For  example,  that  part  of  the  Ohio  between  Manchester  and 
the  Little  Miami  will  be  called  Manchester  River. 

Before  the  present  drainage  system  had  its  beginning,  three  sepa- 
rate projections  of  the  Kentucky  highlands  extended  into  what  is  now 
Hamilton  County,  Ohio.  The  first  of  these  was  that  upon  which  the 
upper  part  of  Cincinnati  is  built;  its  boundaries  were  Manchester  River, 
Licking  River  (Mill  Creek),  and  the  East  fork  of  the  Little  Miami. 
The  second  peninsula  was  immediately  below  the  Licking;  it  comprised 
the  area  from  Mill  Creek  almost  to  North  Bend  and  northward  nearly 
to  the  Hamilton  County  line.  The  third  protuberance  was  the  narrow 
ridge  lying  between  the  Ohio  and  the  Great  Miami,  below  North  Bend. 

In  each  of  these  was  a  low  place,  or  sag,  each  of  which  was 
destined  to  be  entirely  cut  away  by  glacial  floods.  The  first  was  at,  or 
near,  Bellevue;  the  second  just  west  of  Sedamsville;  the  third,  a  short 
distance  below  North  Bend.  The  names  of  these  villages  will  be  given 
to  the  sags  and  to  the  divides  of  which  the  sags  were  features.  (See 
figure  3.) 

Manchester  River,  which  had  its  beginning  75  miles  southeast  of 
Cincinnati  followed  a  somewhat  irregular  course  to  the  Bellevue  hill, 
where  it  turned  toward  the  north  to  join  the  East  Fork.  The  width  of 
the  valley  varies  considerably  at  different  places.  These  variations  are 
not  due  entirely  to  erosion  by  the  main  stream.  Large  creeks  entering 
from  either  side  cut  out  valleys  for  themselves,  and  the  two  excava- 
tions, uniting,  set  the  outside  bordering  hills  so  much  the  farther  apart. 
The  heavy  deposits  of  sand  and  gravel  which  sometimes  entirely  cover 
the  low  spurs  and  ridges  projecting  from  the  intermediate  hills 
strengthen  the  impression  of  greater  width.  To  avoid  repetition,  it  may 
be  said  that  similar  conditions  are  found  from  one  end  of  the  river  to 
the  other. 

Between  the  Bellevue  and  the  Sedamsville  headlands,  the  Licking- 
River  flowed  northward  through  the  present  Mill  Creek  Valley.  The 
Manchester-East  Fork  joined  it  near  Carthage  and  the  combined  waters 
reached  the  Great  Miami  Valley  in  the  southern    part  of  Butler  County. 

Between  the  Licking  River  and  the  Sedamsville  divide,  some  small 
ravines  trend  upstream,  that  is,  in  a  direction  opposite  to  the  flow  of  the 
Ohio. 

Below  Sedamsville  a  small  stream  which  we  will  call  Sedamsville 
Creek,  flowed  northwest  to  the  North  Bend  promontory.  Here  it  turned 
north,  past  Cleves,  into  the  valley  of  the  Great  Miami.  The  latter  stream 
is  insignificant  in  comparison  with  the  size  of  the  depression  which  it 
occupies.  Separated  from  the  Ohio  for  several  miles  only  by  a  narrow 
rocky  ridge,  the  tip,  so  to  speak,  of  the  North  B2nd  extension  from  Ken- 
tucky, it  enters  the  former  near  Lawrenceburg.     There  is  a  striking  con- 

4  Tight,    W.    G.     Drainage   Modifications   in   Southeastern   Ohio   and   Adjacent  parts   of 
West   Virginia  and   Kentucky,   Prof.    Paper   13,    U.   S.    Geol.    Surv.    1903. 
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trast  at  their  junction  between  the  constricted  valley  of  the  larger 
stream  and  the  wide  bottom  lands  bordering-  the  tributary.  Viewed  from 
the  top  of  the  hill,  the  relative  importance  of  the  two  rivers  seems  to  be 
entirely  reversed. 

This  wide  expanse  between  the  bordering  hills,  with  extensive  high 
bottoms  on  one  side  or  the  other,  continues  to  the  mouth  of  the  Ken- 
tucky River.  Below  this,  the  stream  rapidly  contracts  until  at  Madison, 
Indiana,  solid  rock  rises  abruptly  from  the  water  on  the  Indiana  side; 
a  very  narrow  trip  of  alluvium  separates  the  river  from  the  Kentucky 
highland  directly  opposite.  There  is  but  one  explanation  possible  for 
this;   namely,  that  the  Kentucky  formerly  flowed   eastward   and  north- 
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Fig.  3.  Probable  pre-glacial  drainage  lines  in  the  Cincinnati  region,  sho$ving  the 
locations  of  the  Bellevue,  Sedamsville  and  North  Bend  divides  or  sags  which  were  cut 
down  to  form  the  present  route  of  the  Ohio  River  when  the  pre-glacial  drainage  was 
obstructed  by  glacial  invasion  from  the  north.  The  site  of  the  Miami  divide  is  now 
occupied  by   the   Big   Miami   River. 


ward  to  the  mouth  of  the  Great  Miami.  It  did  not  however,  pass  on  up 
that  stream  as  it  now  exists,  but  flowed  north  to  near  Harrison.  Here 
it  turned  northeast  through  Dry  Fork,  crossed  the  Butler  County  line 
not  far  from  Fernald,  and  passed  on  into  the  extensive  valley  south  of 
Hamilton. 

For   distinction,   this   former   channel   from    Carrolton   to   Hamilton 
will  be  called  Old  Kentucky  River. 
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Briefly  summarized,  then,  pre-glacial  conditions  in  this  region  were 
about  as  follows: 

1.  The  Kanawha,  carrying  directly  or  indirectly  the  drainage  be- 
tween New  Martinsville  and  Manchester,  flowed  northward  through  a 
part  of  the  Scioto  Valley  toward  either  the  Wabash  or  Lake  Erie. 

2.  Manchester  river  joined  East  Fork  of  the  Little  Miami  and  fol- 
lowed around  the  northern  margin  of  the  Bellevue  extension. 

3.  Licking  River,  passing  between  the  Bellevue  and  Sedamsville 
divides  directly  across  the  bed  of  the  present  Ohio,  absorbed  the  Man- 
chester-East Fork  and  continued  north  into  Butler  County. 

4.  Old  Kentucky  River  crossed  Hamilton  County,  Ohio,  into  But- 
ler County  and  joined  the  Licking. 

5.  The  trunk  stream  formed  by  the  Manchester-East  Fork,  Licking 
and  Old  Kentucky  branches  went  on  north  and  united  with  the  buried 
river  described  by  Bownocker.  This  may  have  been  the  Kanawha, 
though  probably  it  was  made  up  from  drainage  lines  of  the  western 
part  of  the  State  of  Ohio  having  no  immediate  connection  with  the 
Kanawha.     (See  figures  2  and  3.) 

Malott"  coincides  with  the  view  that  a  divide  existed  at  Madison; 
Leverett,  Fenneman,  and  others,  decline  to  admit  it,  adhering  to  the  belief 
of  James  that  the  Licking  curved  around  near  Hamilton  and  reached 
the  Ohio  by  way  of  the  Great  Miami.  The  whole  question,  at  present, 
hinges  upon  topographic  evidence.  The  Manchester,  East  Fork,  and 
Licking,  admittedly  flowed  north;  all  the  tributaries  coming  into  the 
Ohio  from  either  side,  as  far  as  Madison,  except  Woolper  and  Gun- 
powder in  Boone  County,  are  directed  up  the  Ohio.  The  Little  Miami, 
the  Great  Miami,  the  Whitewater,  with  their  various  tributaries,  have 
their  channels,  here  and  there,  in  narrow  gorges  or  close  to  rock  bottom, 
thus  showing  their  post-glacial  origin  as  they  now  exist.  The  Bellevue 
and  Sedamsville  divides  are  further  proven  by  the  heavy  drift  deposits 
at  the  site  of  the  Cincinnati  waterworks  and  those  on  which  the  city  of 
Cincinnati  is  built;  their  composition  and  stratification  show  they  were 
laid  down  in  quiet  water.  The  North  Bend  divide  is  proven  by  the  nar- 
row valley  and  the  extensive  drift  deposits  between  North  Bend  and 
Cleves. 

Leverett,  in  Monograph  41,  U.  S.  Geol.  Survey,  pp.  114-118,  notes 
evidence  in  several  places  in  this  region  of  a  drainage  system  apparently 
much  older  than  the  one  now  under  discussion,  and  predicating  a  different 
elevation  of  the  land.  For  example,  "A  gradation  plain  on  the  imme- 
diate borders  of  the  Ohio  ...  is  that  of  an  abandoned  channel  which 
leads  from  Eagle  creek  .  .  .  northward  to  the  Ohio  River.  It  stands 
fully  200  feet  above  the  Ohio,  and  has  a  width  of  about  one-half  mile." 
This  is  at  the  head  of  Sugar  Creek,  apparently  a  former  extension  of 
Eagle  Creek.  The  latter  rises  in  central  Kentucky,  flows  north  almost 
to  the  Ohio,  then  suddenly  turns  southwest  into  the  Kentucky.  Above 
the  angle,  the  line  of  flow  is  directly  up  the  Ohio  from  the  sharp  bend 
above  Warsaw.  Leverett  notes  similar  "gradation  planes"  near  Grant's 
bend  on  the  Licking;  at  points  farther  up  the  Licking;  near  the  mouth 

0  Malott,   C   A.      Handbook  of  Indiana   Geology,   Pub.   21,   Indiana   Dept.   of   Conserva- 
tion,  1922,   p.   137. 
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of  Indian-Kentuck  Creek;  connecting  the  Eagle  Creek  (Sugar  Creek) 
plane  with  the  South  Fork  of  Big  Bone  Creek.  As  to  the  last,  "Its 
size  is  more  in  harmony  with  that  of  Big  Bone  Creek,  and  markedly 
less  than  the  portion  of  Eagle  Creek  with  which  it  connects."  Similar 
gradation  planes  he  says,  are  well  defined  on  the  Big  Blue  and  Litt 
Blue  rivers  of  Indiana.  As  these  planes  are  not  drift-filled  depressions, 
but  have  solid  rock  bottom,  they  are  entirely  independent  of  glacial 
movements.  Leverett  also  points  out  (p.  118)  an  apparent  contradic- 
tion to  the  theory  of  northward  drainage  of  the  Kentucky.  "Gunpowder 
and  North  Fork  of  Big  Bone  point  very  strongly  down  the  Ohio."  He 
could  have  added  that  Woolper  Creek  has  a  slight  trend  to  southward, 
entering  the  river  at  such  an  angle  that  it  might  have  flowed  in  either 
direction.     These  facts  need  explanation. 

The  dividing  ridge  between  the  Licking  and  the  old  Kentucky  main- 
tains its  high  level  to  the  hills  bordering  the  Ohio.  The  crest  or  water- 
shed is  almost  exactly  along  the  line  of  the  Southern  Railway  to  Wal- 
ton, then  bears  more  to  the  west.  Gunpowder  Creek  rises  along  this 
crest  in  numerous  branches  the  longest  being  that  which  heads  near 
Constance,  on  the  Ohio,  and  flows  south  past  Limaburg.  The  natural 
slope,  owing  to  the  curvature  of  the  crest  prevented  it  from  bearing  to 
the  west;  farther  down,  shorter  drainage  lines  assisted  in  compelling  it 
to  continue  south.  Woolper  Creek,  rising  more  to  the  west,  took  the 
shortest  course  to  the  old  Kentucky.  Big  Bone  Creek  is  made  up  of  a 
large  number  of  very  small  tributaries  which  head  anywhere  and  flow 
in  any  direction;  its  entire  drainage  is  confined  to  a  few  square  miles, 
so  it  is  insignificant.  It  falls  into  Mud  Lick,  a  larger  creek,  one  branch 
of  which  flows  north,  the  other  north  of  west.  These  streams  are  so 
small  as  to  be  negligible  were  it  not  for  the  fact  that  the  first  three 
seem  to  flow  in  the  wrong  direction;  but  a  study  of  the  topography 
shows  they  were  compelled  to  follow  their  present  channels  notwithstand- 
ing the  former  general  slope  of  the  valley.  They  seem  more  important 
than  they  are,  because  of  the  very  heavy  drift  deposits  in  their  lower 
portions. 

Laughery  Creek,  on  the  Indiana  side,  flows  for  several  miles  in  a 
direction  exactly  opposite  to  that  of  the  Ohio  above  their  junction.  The 
two  streams  do  not  seem  to  join  properly  but  this  is  due  to  the  drift  de- 
posits on  the  Kentucky  side  which  fill  the  original  channel.  The  upper 
part  of  Laughery  flows  south,  owing  apparently,  to  a  post-glacial  con- 
dition of  the  same  nature  as  that  which  influenced  Paint  Creek  in  Ross 
County,  Ohio.  Tributaries  of  Laughery,  near  the  point  where  it  changes 
its  course  from  south  to  northeast,  interlock  with  those  of  Indian-Ken- 
tuck Creek,  but  the  divide  between  the  two  is  unbroken. 

Indian-Kentuck,  which  enters  the  Ohio  at  Brooksburg,  formerly 
turned  to  the  southeast  and  united  with  the  Little  Kentucky  just  below 
Carrollton.  They  held  to  the  east  and  joined  the  old  Kentucky  which  at 
that  time  followed  a  valley  now  abandoned,  and  reached  the  present 
Ohio  three  miles  above  Carrollton.  When  the  glacier  closed  this  pas- 
sage the  old  Kentucky  passed  through  an  opening  or  sag  where  Govern- 
ment Dam  No.  1  is  now  located,  into  the  Little  Kentucky.  When  the 
glacier  receded  the  detritus   at  the  former  outlet  debarred  the  stream 
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from  resuming  its  course  and  forced  it  to  remain  where  it  is.  From 
the  high  hill  east  of  Carrollton,  enclosed  by  the  Kentucky,  the  Ohio, 
and  the  abandoned  valley,  a  good  view  can  be  obtained  of  the  natural 
easy,  curve  of  the  old  valley  from  Worthville  to  Vevay. 

As  further  evidence  that  a  divide  existed  at  Madison,  the  terraces 
extending  from  Lawrenceburg  to  Carrollton  may  be  cited,  including  the 
great  conglomerate  deposit  known  as  "Split  Rock";  some  of  these  rise 
fully  200  feet  above  the  river.  They  represent  material  carried  by 
floods  and  floating  ice  into  the  lake  formed  by  the  divide  holding  back 
the  water.  It  was  during  this  period,  too,  that  the  tributary  streams 
were  partially  silted  up  as  we  now  find  them.  Much  of  the  sedimentary 
filling  in  the  lower  Kentucky,  however,  is  not  glacial  but  local;  native 
rock  weathered  down  and  carried  by  river  floods  into  the  water  which 
had  backed  up  from  below. 

A  well  on  the  river  bank  at  Carrollton,  at  the  eastern  end  of  the 
town  and  several  hundred  yards  out  from  the  hill,  starting  at  an  eleva  • 
tion  of  60  feet  above  low  water,  reached  bed-rock  at  135  feet. 

The  exact  sequence  of  events  leading  to  present  conditions  has  not 
yet  been  fully  worked  out.     A  provisional  explanation  will  be  offered. 

If  the  old  Kanawha  turned  in  the  direction  of  the  Wabash,  as  sug- 
gested by  Tight  and  Bownocker,  the  old  Kentucky  joined  it  somewhere 
north  of  Dayton.  With  the  blocking  of  the  extreme  northern  outlet  by 
the  ice,  wherever  and  whenever  this  may  have  occurred,  all  the  water 
it  carried  was  turned  into  the  Kentucky.  As  a  result,  a  lake  was  formed 
which  covered  the  entire  drainage  area  between  New  Martinsville  and 
Madison,  to  a  level  somewhat  above  that  of  the  hypothecated  sag  in  the 
divide  at  the  latter  place ;  for,  until  the  passage-way  was  widened  and 
deepened,  the  water  couid  not  escape  as  rapidly  as  it  would  accumulate. 

When  the  mouth  of  the  old  Kentucky  was  closed,  the  outflow  of  the 
old  Kanawha  was  turned  into  the  Scioto,  thence  through  a  low  place 
in  the  divide  at  Manchester,  and  into  the  Manchester-East  Fork  River. 
This  is  what  would  have  happened,  also,  in  case  the  course  of  the 
old  Kanawha  had  been  northward  toward  Lake  Erie,  as  it  may  have 
been. 

When  the  Licking  was  closed  by  the  advancing  ice  north  of  Cincin- 
nati, the  divide  just  west  of  Sedamsville  was  surmounted  and  all  the 
floods  from  above  passed  into  the  old  Kentucky  by  way  of  North  Bend 
and  Cleves. 

Some  time  after  the  Licking  was  closed  the  ice  advanced  across  the 
Manchester-East  Fork  River  north  of  Cincinnati,  and  the  ponded  waters 
broke  over  the  Bellevue  divide.  Perhaps  at  about  the  same  time  the 
North  Bend  Promontory  was  reached,  and  this  divide  was  cut  through 
just  southwest  of  North  Bend,  and  the  newly  created  Ohio  had  an  open 
route,  about  as  at  present,  from  Pittsburg  to  Louisville. 

The  Great  Miami  with  a  reversed  water  flow  now  has  possession  of 
the  old  Kentucky  in  Ohio,  except  that  portion  from  the  Butler  County 
line  to  near  Cleves.  This  latter  portion  of  the  old  Kentucky  was  filled 
with  drift  to  such  an  extent  that  it  has  never  been  cleared  out.  The 
Miami  River  passed  up  Taylor  Creek,  a  northward  flowing  tributary  of 
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the  old  Kentucky,  and  thence  over  a  divide  near  Miami  into  a  small 
southward  flowing  stream  entering  the  old  Kentucky,  reversed,  in  the 
vicinity  of  Cleves. 

"Split  Rock,"  at  the  mouth  of  Woolper's  Creek,  presents  from  the 
river,  a  vertical  face  of  conglomerate  about  160  feet  high,  mostly  water- 
worn  limestone  blocks  of  local  origin.  This  was  formerly  supposed  to 
be  the  southernmost  terminal  moraine,  but  it  is  the  result  of  a  torren- 
tial discharge  into  practically  dead  water.  Behind  Petersburg  there  is 
an  abandoned  channel  only  a  little  above  high  flood  mark;  it  extends 
in  a  direct  line  from  the  Great  Miami  toward  Split  Rock,  and  apparently 
it  was  through  this  that  the  debris  was  carried.  The  large  rocks  at  the 
river  front  are  soon  replaced  by  gravel,  this  gives  way  to  sand,  and  be- 
fore the  hill  is  reached  there  is  only  fine  sand  which  shows  the  inclined 
or  sloping  lamination  characteristic  of  the  bottom  of  a  pond  which  has 
been  silted  up  by  muddy  running  water.  The  final  moraine  is  several 
miles  south  of  here.  Leverett'5,  has  depicted  the  limit  of  the  ice  in  Ken- 
tucky. It  crossed  the  Ohio  at  Utica,  Indiana,  opposite  the  mouth  of 
Harrod's  Creek,  held  a  northeasterly  course  almost  to  Carrollton,  thence 
to  the  bend  at  the  mouth  of  Sugar  Creek,  northerly  to  Mud  Lick  near  its 
mouth,  then  nearly  east,  and  crossed  the  Ohio  again  in  Campbell  County. 
While  the  glacier  was  at  this  stage  all  the  drainage  of  the  Ohio  and 
its  tributaries  above  Mentor,  Kentucky,  was  debarred  from  its  natural 
outlet.  It  must  have  passed  around  the  southern  front  of  the  ice;  but 
there  is  no  trace  of  a  channel  or  depression  through  which  it  could  have 
gone.  It  would  seem  quite  probable,  from  looking  at  a  map,  that  Eagle 
Creek  had  joined  the  Ohio  through  Sugar  Creek;  that  it  had  been  de- 
flected westward  by  the  ice-barrier;  and  that  the  Licking  had  pushed 
over  the  divide  and  found  its  outlet  in  this  way.  But  there  is  no  indi- 
cation whatever  of  a  channel  on  the  summit;  the  rock  formation  con- 
fining the  creek  is  unbroken  and  maintains  its  normal  altitude  to  the 
depression  at  the  head  of  Sugar  Creek  two  miles  below  the  turn  of 
Eagle  Creek,  as  noted  by  Leverett.  This  is  sufficient  evidence  that  if 
Eagle  ever  reached  the  Ohio  it  was  so  long  ago  that  its  present  channel 
has  since  been  cut  down  more  than  200  feet  through  solid  rock.  Further 
proof  of  antiquity  is  found  in  the  excessive  amount  of  lateral  erosion 
at  Glencoe,  where  the  volley  is  more  than  a  mile  wide.  Except  where 
the  stream  has  cut  a  narrow  deep  channel  close  to  the  hill  on  the  south, 
this  valley  has  a  level  floor  of  solid  rock  only  10  to  14  feet  below  the 
surface  upon  which  Glencoe  is  built.  Nor  is  this  accidental  or  local;  half 
a  mile  or  less  above  Glencoe,  where  the  creek  flows  at  the  foot  of  the 
northern  hillside,  a  similar  rock  floor  extends  from  the  hill  on  the  south. 
The  soil  in  Eagle  Creek  bottoms  is  from  local  sources,  deposited  for  the 
most  part  when  the  valley  was  filled  with  glacial  backwater.  The  same 
is  true  of  the  lower  Kentucky.  Where  the  overflow  waters  of  the  Lick- 
ing went  during  the  maximum  ice  advance  is  unknown. 

A  problem  almost  identical  with  that  of  the  Licking  is  found  when 
an  outlet  is  sought  for  the  overflow  of  the  Kentucky.  At  Bond  Mill  the 
upper  part  of  Salt  River,  flowing  on  solid  rock,  is  headed  straight  for 

*  Monograph  53,  U.  S.  Geol.  Surv.,  Map   VI. 
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the  Kentucky.  Before  reaching  Lawrenceburg,  when  within  a  short  dis- 
tance of  its  apparent  destination,  it  turns  abruptly  westward  and  reaches 
the  Ohio  at  West  Point,  below  Louisville.  There  is  unbroken  bed  rock 
to  the  top  of  the  hill  on  the  outside  of  the  bend;  and  below  here  the 
valley,  like  that  of  Eagle  Creek,  is  filled  to  a  varying  width  with  local 
drift. 

The  Madison  divide  was  at  the  extreme  upper  end  of  the  town.  The 
valley  is  narrow,  the  hills  steep,  almost  precipitous,  to  the  top.  There 
is  very  little  drainage  into  the  river;  within  two  or  three  miles,  on  each 
side,  there  is  a  watershed  which  reverses  the  surface  waters,  on  the 
north  to  Graham  Creek  and  through  that  to  White  River,  on  the  south 
through  short  creeks  to  the  Ohio  below  the  bend.  On  both  sides  of  the 
river,  the  ravines  are  short  and  steep.  Those  in  Kentucky  have  a  fairly 
uniform  slope  from  top  to  bottom;  but  on  the  Indiana  side,  although 
Indian-Kentuck  Creek,  above  the  divide  has  a  regular  descent  through 
its  several  miles  of  length,  all  ravines  below  the  divide  down  to  Utica, 
are  interrupted  by  high  vertical  cliffs  of  Niagara  limestone,  the  cap- 
rock  of  the  region.  The  limestones  and  shales  underlying  this  are  easily 
eroded,  allowing  it  to  break  off  in  immense  blocks.  A  similar  process 
is  going  on  in  Elijah's  Creek  in  Boone  County,  which  enters  the  Ohio 
a  few  miles  below  Sedamsville;  but  as  this  is  entirely  in  Cincinnati 
limestone  it  descends  in  a  series  of  cascades  instead  of  having  a  single 
high  fall.  Such  conditions  remind  one  of  the  hanging  valleys  around 
Ithaca,  N.  Y. 

A  short  distance  below  the  Madison  divide,  Crooked  Creek,  coming 
out  of  the  upland  from  the  north,  followed  the  channel  of  the  present 
Ohio  to  Utica  where  it  joined  Harrod's  Creek.  There  seems  to  be  still 
a  remnant  of  the  rock  point  between  Crooked  Creek  and  the  ravine  from 
the  divide  above;  a  well  at  the  City  Hall  reaches  bed-rock  at  48  feet 
below  the  bottom  of  the  river,  while  the  Asylum  well,  a  mile  to  the 
west,  strikes  it  at  67  feet.  Another  well  in  the  low  ground  between 
the  last  and  the  hill,  found  rock  at  practically  the  same  level.  As  the 
Asylum  well  is  near  the  middle  of  the  valley,  rock  is  probably  at  the 
same  approximate  depth  clear  across. 

The  top  of  the  Asylum  Hill  is  416  feet  above  water  in  the  Ohio. 
The  railway  station  at  North  Madison  is  the  same.  The  elevation  of 
the  City  Hall  is  96  feet;  showing  a  depth  of  144  feet  of  glacial  drift  at 
this  point. 

The  extreme  shortness  and  consequent  steep  gradients  of  the  ravines 
on  both  sides  of  the  river  prove  their  recent  origin  and  thereby 
strengthen  the  evidence  that  a  divide  existed  here. 

An  interesting  feature  in  this  vicinity  is  "Lost  Hill"  a  short  dis- 
tance below  Madison.  Originally  it  was  a  narrow  ridge  several  miles 
long,  projecting  between  Crooked  and  Cliffy  Creeks.  The  latter  cut 
through  it  and  left  the  lower  end  isolated. 

After  receiving  Crooked  Creek  at  Utica,  Harrod's  Creek  continued 
a  westerly  course,  skirting  the  hills  north  of  Jeffersonville.  Siebenthal, 
in  the  25th  Annual  Report  of  the  Indiana  Geological  Survey,  1890,  p. 
363,  presents  evidence  of  a  buried  channel  along  this  route.  At  two 
squares  from  the  river  in  Jeffersonville,  bed-rock  was  found  at  15  feet; 
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a  fourth  of  a  mile  north  at  80  feet.  A  well  at  the  Silver  Creek  Cement 
Company's  plant  went  (p.  262)  190  feet  in  clay  and  gravel  without 
striking  rock.  Siebenthal  thinks  a  mistake  was  made  in  the  figures, 
but  suggests  a  channel  90  or  100  feet  deeper  than  at  present  oxbowing 
around  from  Flatwoods.  It  seems  more  probable  that  the  channel  he 
mentions  was  that  of  Harrod's  Creek,  and  continued  toward  the  west. 

Conditions  from  Utica  to  West  Point  are  very  complicated  and  diffi- 
cult to  understand.  According  to  Collett  (Geol.  Survey  of  Indiana,  1878, 
p.  300)  there  is  a  "depth  of  erosion  beneath  the  city  of  Louisville  of 
175  feet  below  the  present  bed  rock  of  the  falls  of  the  Ohio.'7  On  page 
427  he  says,  "It  is  known  that  the  Ohio  River  from  near  the  mouth  of 
Salt  Creek  to  its  upper  tributaries,  runs  in  a  valley  which  has  been  cut 
more  than  150  feet  below  the  present  river  bed."  James  (Popular  Sci. 
Mo.,  April,  1891,  p.  746)  quotes  John  Bryson  in  American  Geologist, 
March,  1890,  "in  pre-glacial  times  the  Ohio  River  divided  above  the  city 
[Louisville],  one  branch  flowing  on  the  north  and  the  other  on  the  south 
of  an  island,  the  two  uniting  below  the  city.  Well-borings  show  the 
rock  in  some  places  to  be  150  feet  or  more  below  the  present  surface, 
and  what  are  now  insignificant  streams  were  once  large  enough  to  carve 
valleys  half  a  mile  wide  and  many  feet  in  depth.  Where  was  once  the 
island  are  now  the  falls."  These  depths  appear  to  prevail  below  Louis- 
ville in  the  wide  valley  extending  down  to  West  Point.  Owing  to  the 
great  changes  resultant  from  building  and  street  making  in  the  three 
cities,  and  the  lack  of  deep  drillings  south  of  Louisville,  an  accurate 
reconstruction  of  pre-glacial  conditions  is  not  possible  at  present;  but 
the  indications  are  that  Beargrass  Creek  ran  to  the  east  of  the  city  and 
joined  Harrod's  Creek  above  Bryson's  "Island";  and  that  another  creek, 
now  buried,  headed  near  the  Bullitt  County  line,  flowed  northward  to 
Louisville,  then  westward  toward  New  Albany.  If  this  was  the  case, 
bed-rock  should  be  found  at  no  great  depth  along  the  divide  separating 
Beargrass  from  the  other  creek,  unless  it  was  removed  by  glacial  floods. 

The  vagaries  of  Salt  River  are  confusing.  Formed  by  the  union  of 
three  forks,  one  from  northeast,  one  from  east,  one  from  south,  it  flows 
west,  then  north  to  the  Ohio  which  carries  it  abruptly  west  again  through 
a  narrow  gorge  when  its  logical  course  is  by  way  of  a  wide,  deep,  open 
valley  directly  in  line  with  its  northern  trend.  The  break  through  which 
it  passes  from  its  junction  with  the  Ohio  is  manifestly  the  site  of  a 
former  divide.  If  so,  the  only  outlet  for  Old  Salt  River  was  toward  the 
north  through  the  present  wide  valley  of  the  Ohio,  nearly  to  New  Al- 
bany, then  along  the  foot  of  the  "Knobs."  Reinforced  by  Harrod's 
Creek,  it  continued  to  skirt  the  Knobs  until  these  begin  to  bear  to  the 
west  from  the  headland  near  Underwood.  From  here  it  pursued  a  gen- 
eral northerly  course,  about  two  miles  west  of  the  Pennsylvania  Rail- 
way, to  the  junction  of  the  two  forks  of  the  Muscatatuck  River.  It  fol- 
lowed the  present  West  Fork  to  the  point  where  it  emerges  from  the 
hills  two  miles  northeast  of  Chestnut  Ridge.  From  here,  the  old  channel, 
filled  with  glacial  debris,  may  easily  be  traced  to  the  East  Fork  of 
White  River  somewhat  more  than  three  miles  northeast  of  Seymour. 
(See  figure.  2.) 
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The  west  fork  of  Muscatatuck,  also  called  Vernon  Creek,  has  a  val- 
ley more  than  a  mile  wide  to  Weston,  several  miles  above  the  point  where 
it  emerges  from  the  hills  and  joined  Old  Salt  River.  East  Fork,  or 
Graham's  Creek  as  it  is  usually  called,  flows  partly  in  an  old  valley 
which  may  or  may  not  be  its  original  course. 

At  the  junction  of  the  two  forks,  Muscatatuck  Valley  is  nearly 
three  miles  wide.  All  this  low  land  is  subject  to  overflow.  Evidently 
the  old  channel  had  a  considerable  depth  and  was  filled  to  its  present 
level  partly  with  sediment  carried  north  by  Salt  River  and  partly  by 
outwash  from  the  glacier.  Near  Millport,  south  of  Vallonia,  the  stream 
is  on  bed-rock,  between  rock  walls.  Here  was  a  hill  or  ridge  which 
retained  a  lake  extending  from  the  ice-front,  past  West  Point  and  into 
Kentucky.  The  lowland  or  valley  is  now  filled  as  far  as  New  Albany 
with  gravel,  sand  and  clay,  nearly  all  of  local  origin,  much  of  it  no 
doubt  from  the  south.  Erosion  has  worn  the  upland  on  the  west  into 
knolls  and  ridges.  There  is  a  small  amount  of  glacial  drift  throughout 
this  distance,  which  may  have  come  from  the  north  with  a  late  glacial 
flow  or  may  have  been  carried  in  by  Harrod's  Creek.  No  boulders  were 
observed,  or  any  gravel  of  a  size  to  indicate  other  than  a  gentle  current. 

Muddy  Fork,  once  a  tributary  of  Salt  River,  now  crosses  its  old 
bed  at  Bennettville,  on  the  Monon  Railway,  to  join  Silver  Creek.  Both 
of  these,  after  they  leave  the  hills,  are  post-glacial  streams,  flowing 
mostly  on  solid  rock. 

The  question  naturally  arises  "What  became  of  Salt  River?" 

Newsom,  in  the  26th  Annual  Report  of  the  Indiana  Geological  Sur- 
vey, 1901,  pp.  294-6,  describes  and  maps  the  drainage  area  of  Muscata- 
tuck and  East  Fork  of  White  River.  Before  they  unite,  they  flow  in 
wide  valleys;  below  their  junction  the  stieam  flows  through  a  compara- 
tively narrow  valley  bordered  by  steep  hills.  He  presents  two  hypoth- 
eses; one  that  the  rivers  held  their  present  course,  inherited  from  a 
previous  erosion  cycle;  the  other  that  'prior  to  the  ice  invasion  the 
upper  portion  of  East  White  River  flowed  either  north  or  northeastward, 
or  possibly  emptied  directly  into  the  Ohio  and  at  New  Albany."  As 
opposed  to  the  latter  supposition,  he  notes  that  "there  are  no  narrows 
in  the  canyon  to  correspond  with  the  position  of  the  original  divide  be- 
tween the  east  and  west  flowing  streams."  The  "present  flood  plain  of 
the  valley  varies  in  width  from  half  a  mile  to  over  one  mile,  and  would 
certainly  seem  to  antedate  the  ice  invasion." 

But  in  various  places  in  the  Upper  Ohio  Valley,  notably  just  above 
Portsmouth,  and  in  the  Scioto  below  Chillicothe,  divides  higher  and  more 
massive  than  any  that  could  have  existed  in  the  White  River  country, 
were  cut  through  and  wider  passages  formed  in  them. 

Ashley,  in  the  27th  Annual  Report  of  the  Indiana  Geological  Sur- 
vey, 1902,  p.  64,  says,  "A  comparison  of  the  valley  of  White  River  along 
the  north  side  of  Washington  County,  or  further  upstream,  with  its  val- 
ley a  short  distance  above  the  mouth  of  Lost  River  will  show  a  marked 
contrast,  the  valley  being  only  a  quarter  of  a  mile  wide  in  the  latter 
region,  as  against  several  miles  wide  in  the  former  region.  How  much 
of  this  difference  is  due  to  the  rock  through  which  it  flows  and  how 
much  to  the  earth  movements  and  possible  changes  in  channel?" 
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Ashley's  last  suggestion  seems  to  fit  the  case.  It  is  quite  reasonable 
to  infer  that  Old  Salt  River  followed  the  East  Fork  northward  to  the 
buried  channel  outlined  by  Bownocker;  that  it  carried  with  it  the  drain- 
age of  the  valley  now  occupied  by  the  various  branches  of  the  Muscata- 
tuck;  that  with  the  reversal  of  drainage  the  water  rose  until  East  Fork 
was  pushed  through  the  hills  of  Lawrence  and  Martin  counties;  that 
when  the  ice  had  advanced  to  the  hills  below  Seymour,  the  Muscatatuck 
broke  down  the  divide  at  Millport;  that  when  this  outlet,  in  turn,  was 
closed  by  the  ice,  the  valley  of  Salt  River  was  again  filled,  until  the 
floods  passed  over  the  divide  at  West  Point.  As  mentioned  before,  the 
waters  of  the  upper  Ohio  when  the  glacier  was  at  its  most  southern 
limit  must  have  passed  across  Kentucky  south  of  the  ice ;  and  yet  no 
trace  of  such  passage  can  be  found.  A  divide  at  West  Point  surmounted 
and  cut  down  will  explain  this. 

During  the  extension  of  the  ice-sheet  to  the  south  of  the  present 
Ohio,  the  overflow  from  Manchester  into  Licking,  from  Licking  into  Ken- 
tucky, and  from  Kentucky  into  Salt,  could  have  taken  place  through 
the  numerous  depressions  in  the  watersheds  between  these  streams  with- 
out making  much  impression  at  any  one  place.  In  fact,  as  all  these 
rivers  would  rise  to  practically  the  same  level  there  would  be  but  little 
fall  from  one  into  another.  All  this  water,  after  passing  Madison, 
would  be  turned  northward  through  Salt  River  and  the  East  Fork  of 
White  River.  When  the  outlet  in  that  direction  was  closed,  the  Salt 
River  Lake  would  back  up  at  least  as  far  as  the  Madison  divide,  per- 
haps go  beyond  it  if  the  divide  at  West  Point  was  the  higher,  as  it 
probably  was  at  this  stage.  But,  sooner,  or  later,  the  rising  water  would 
have  to  pass  over  the  latter;  and  when  this  took  place  the  ice  in  Ken- 
tucky being  exposed  to  running  water  on  the  east,  south  and  west  mar- 
gins, would  soon  recede  to  such  an  extent  that  the  lakes  in  the  river 
valleys  above  could  empty  themselves  rapidly  through  the  new  channel 
of  the  Ohio.  The  strong  currents  thus  created  would  deposit  much  ma- 
terial in  the  lakes  into  or  through  which  they  passed;  and  this  explains 
many  of  the  high  bottom-lands,  especially  those  between  Hamilton,  Ohio, 
and  Madison,  Indiana,  including  the  Split  Rock  conglomerate,  most  of 
which  probably  came  out  of  the  Great  Miami. 

This  explication  is  not  offered  as  a  conclusive  solution  of  the  matter 
in  question,  but  it  is  rather  in  the  nature  of  a  working  theory.  We  do 
not  yet  know  the  rate  of  advance  or  recession  of  the  glaciers ;  we  do  not 
know  whether  they  reached  all  points  of  their  southern  limits  at  prac- 
tically the  same  time,  or  whether  there  was  a  variation  in  their  progres- 
sive movement;  we  do  not  know  which  of  the  northward  flowing  streams 
was  first  blocked  off,  or  the  order  in  which  the  divides  were  surmounted. 
But  there  is  a  reasonable  certainty  that  the  events  herein  recounted  took 
place  in  somewhat  the  manner  set  forth,  whatever  may  have  been  the 
order  in  which  they  occurred. 

At  Rock  Haven,  a  few  miles  below  West  Point  comes  in  Otter  Creek 
whose  valley  offered  a  passage-way  to  the  lower  Ohio,  or  rather  to  that 
section  of  it  which  extends  from  here  to  Green  River.  We  have  now  a 
new  phase  of  the  stream.  It  is  best  described  by  Ashley  in  the  27th 
Annual  Report  of  the  Indiana  Geological  Survey,  1902,  p.  601 : — 
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"If  any  region  of  land  remains  at  one  level  for  any  length  of  time, 
erosion  tends  gradually  to  lower  the  valleys,  then  to  widen  them,  thus 
reducing  the  height  and  steepness  of  the  intervening  hills,  and  if  al- 
lowed to  continue  long  enough,  the  land  will  become  a  flat  base  level,  as 
it  is  called.  If  at  any  stage  of  the  process,  say  when  the  area  in  ques- 
tion has  been  reduced  to  a  gently  rolling  type  of  country,  uplift  takes 
place  in  any  part  of  it,  it  is  evident  that  the  streams  that  rise  in  the 
uplifted  area  will  have  their  upper  courses  in  shallow  valleys  with 
gently  sloping  banks  just  as  before  the  uplift.  When,  however,  the 
stream  reaches  the  edge  of  the  uplifted  portion,  where  it  slopes  down 
to  the  portion  not  elevated,  or  where  it  runs  into  the  channel  of  a  large 
stream  that  has  cut  down  beiow  the  general  level  of  the  plateau,  it  will 
become  a  rapid  stream  and  one  that  will  erode  and  deepen  its  channel 
rapidly.  A  gorge  will  thus  be  started  at  the  edge  of  the  plateau  or  at 
the  mouth  of  the  stream,  which  will  rapidly  tend  to  eat  its  way  back 
into  the  plateau." 

This  process  is  excellently  shown  at  Elijah's  Creek  and  at  Madison, 
as  noted  above.  The  great  preponderance  of  shale  as  compared  with 
the  thin-bedded  limestone  in  the  former,  allowing  rapid  under-cutting 
and  breaking  down,  has  given  rise  to  a  series  of  cascades ;  at  Madison 
the  wearing  away  of  the  more  easily  eroded  material  in  the  lower  por- 
tions has  left  high  vertical  cliffs  at  the  top. 

"The  Ohio  River,"  to  quote  Ashley  again,  p.  67,  "presents  some- 
what similar  problems.  ...  At  Leavenworth  the  river,  ten  feet  above 
low  water,  is  1920  feet  wide  and  the  valley  from  bluff  to  bluff  3960  fee; 
wide.  The  river  continues  in  this  narrow  gorge-like  channel  to  Cannel- 
ton  or  beyond,  but  20  miles  further  west  it  is  found  flowing  in  a  valley 
four  or  five  miles  wide.  In  this  case  the  difference  in  the  width  of  the 
valley  would  seem  to  be  mainly  due  to  recent  uplift  at  the  east.  A  studjs 
of  the  course  of  the  Ohio,  as  well  as  of  the  courses  of  Blue  River,  Indian 
Creek,  and  other  of  the  region,  suggests  very  strongly  that  their  present 
courses  are  largely  a  survival  of  their  courses  when  flowing  at  the  level 
of  the  upland  or  gradation  plain  then  nearly  at  base  level.  Thus,  take 
the  horseshoe  curve  at  Leavenworth,  the  two  arms  of  the  curve  are  sep- 
arated by  a  high  divide  with  bluff's  as  marked  and  precipitous  as  on  the 
outside  of  the  curve,  indicating  that  the  river  has  sunk  its  channel  in 
situ.  The  same  thing  is  very  noticeable  in  following  down  Blue  River 
where  horseshoe  curves  abound,  and  in  most  cases  the  arms  of  the  curve 
are  separated  by  high  divides." 

Ashley's  explanation  of  the  canyon-like  valleys  in  the  vicinity  of 
Leavenworth  correctly  describes  the  process  of  their  formation,  but  his 
hypothesis  of  a  "recent  uplift  to  the  east"  is  not  tenable.  The  air-line 
distance  from  West  Point  to  Tell  City  is  only  about  50  miles;  conse- 
quently an  elevation  such  as  would  be  necessary  to  produce  the  rapid 
descent  in  the  tributary  rivers  and  creeks  would  result  in  marked  dis- 
turbances of  structure  and  dip  in  the  strata.  This  evidence  does  not 
exist.  Perhaps  a  better  interpretation  of  the  local  conditions  may  be 
found  in  the  heavy  bedded  and  homogeneous  character  of  the  rock.  These 
properties  would  compel  small  streams  such  as  Old  Otter  Creek  and  its 
tributaries  to  maintain   a  high  base  level.     With  the  wearing  down  of 
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the  barrier  at  West  Point  and  the  consequent  release  of  glacial  floods, 
the  volume  of  water  parsing  through  the  gorge  and  also  its  velocity 
were  vastly  increased.  The  same  causes  that  prevented  the  widening 
of  Old  Otter  Creek  would  tend  to  confine  the  enlarged  stream.  A  fur- 
ther hindrance  to  lateral  erosion  would  be  the  immense  blocks  of  stone 
falling  from  the  cliffs  as  these  were  undermined;  they  would  answer 
the  purpose  of  revetments  or  riprap.  Thus  the  principal  corrasion  would 
be  at  the  bottom.  The  steep  gradient,  the  narrow  valley,  and  the  vol- 
ume of  water,  with  the  great  quantities  of  boulders  and  gravel  trans- 
ported from  above,  would  rapidly  cut  away  the  underlying  strata,  pro- 
ducing the  canyon-like  character  of  valley  that  we  find  there  at  present. 
This  narrow  valley  holds  to  Stephensport  at  the  mouth  of  Sinking 
Creek,  then  there  is  a  sudden  widening  for  a  few  miles,  including  the 
outlet  of  Deer  Creek  above  Hawesville.  Between  here  and  Anderson 
Creek  at  Troy  there  is  an  abrupt  narrowing.  The  reason  for  these 
changes  has  not  been  discovered.  From  Anderson  Creek  down,  the  space 
between  the  bordering  hills  and  the  attendant  width  of  the  bottom  lands 
steadily  increases.  Otter  Creek,  which  name  may  be  properly  applied 
to  the  old  main  stream  below  West  Point,  joined  Green  River  a  few 
miles  below  Owensboro.  (See  figure  2).  From  here  the  lowlands  ex- 
tending to  the  Wabash  are  so  wide  that  in  places  the  hills  can  not  be 
seen  and  the  ancient  channel  is  lost.  At  Evansville  a  rock  ledge  projects 
into  the  Ohio;  at  Henderson  a  rock  ledge  and  bluff;  at  West  Franklin  a 
rock  bluff.  At  Uniontown  solid  rock  extends  entirely  across  the  river, 
passing  under  the  bank  on  either  side.  In  the  bed  of  the  river  the  stone 
over  several  acres  is  fractured  as  evenly  as  if  artificially  cut  for  paving 
or  building  purposes;  it  is  exposed  to  the  air  at  low  water,  there  being 
an  eroded  channel  through  it  barely  wide  enough  to  permit  the  passage 
of  a  steamboat.  It  is  plain  that  very  extensive  lateral  erosion  took 
place  here  at  some  time  in  the  past;  but  its  cause  and  meaning  are  still 
to  be  deciphered. 

All  this  means  that  at  one  time  Green  River  held  a  westerly  course 
to  the  north  of  Henderson  and  Mount  Vernon,  and  joined  the  Wabash. 
Before  tracing  it  further  some  observations  in  regard  to  the  Wabash 
are  necessary. 

Leverett,  in  "Water  Resources  of  Ohio  and  Indiana,"  18th  Annual 
Report  U.  S.  Geological  Survey,  Part  4,  p.  446,  says: 

"The  Wabash  from  its  source  to  Huntington  is  a  narrow  and  shallow 
trench.  Then  it  enters  a  valley  much  wider  than  that  above  Huntington, 
an  old  westward  outlet  of  a  glacial  lake  that  occupied  part  of  the  basin 
of  Lake  Erie,  and  opened  a  post-glacial  outlet  for  the  Wabash.  It  fol- 
lows this  westward  except  for  a  few  miles  in  the  vicinity  of  Lafayette 
where  it  crosses  or  follows  a  pre-glacial  valley  for  a  few  miles."  Be- 
tween Huntington  and  Covington  "it  has  been  compelled  to  do  consider- 
able excavation  in  rock."  "Below  Covington  the  stream  follows  very 
nearly  the  line  of  a  partially  filled  pre-glacial  valley." 

Leverett  says  again  in  "The  Illinois  Glacial  Lobe",  U.  S.  Geological 
Survey,  Monograph  38,  p.  528,  that  the  present  Wabash  River,  with  its 
eastern  tributaries   seems  to  have   worked   out  a   course   which  is  to   a 
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large  degree  independent  of  former  drainage  lines.  It  follows  independ- 
ently pre-glacial  or  recent  channels,  according  to  present  topography. 
He  also  states  (p.  530)  that  a  boring  in  the  abandoned  channel  west  of 
Lafayette  reaches  rock  at  300  feet;  at  Terre  Haute  rock  is  reached  at 
345  to  360  feet  above  tide.  At  Shawneetown,  the  rock  floor  was  found 
at  240  feet  above  tide. 

Malott,  in  "Physiography  of  Indiana",  p.  76,  says  the  "Wabash 
River  below  Lafayette  or  southward  from  the  great  bend  follows  an  old 
pre-glacial  valley.  .  .  .  Above  [Lafayette]  it  was  wholly  obliterated." 
.  .  .  "The  main  Wabash  Valley  from  the  vicinity  of  Huntington  is 
largely  the  result  of  the  drainage  which  existed  during  the  runoff  of 
glacial  waters  formed  in  the  retreat  of  the  continental  glacial  ice",  (p. 
110) — "From  the  vicinity  of  Delphi  the  Wabash  Valley  follows  a  broad 
pre-glacial  valley."  (p.  139) — "Certainly  depression  has  taken  place  in 
southwestern  Indiana,  western  Kentucky,  southern  Illinois,  and  south- 
ward to  the  Gulf  of  Mexico." 

Below  the  Wabash,  the  valley  soon  begins  to  contract.  At  Shawnee- 
town a  rock  ledge  extends  for  some  distance  out  into  the  river.  On  each 
side  of  the  river  is  an  extensive  area  of  low,  drift-covered  land;  well 
drillers  report  that  bed-rock  is  reached  in  this  at  from  30  to  50  feet, 
although  an  occasional  well  east  or  north  of  Equality  does  not  find  rock 
until  at  a  depth  of  about  200  feet.  As  the  lower  Saline  flows  in  a  nar- 
row channel,  almost  a  gorge,  this  indicates  a  pre-glacial  course  toward 
the  Wabash. 

Finally,  there  is  a  rock  bluff  on  each  side  of  the  river  at  Caseyville, 
rising  directly  from  the  river  shore;  unmistakable  evidence  of  a  former 
divide  separating  Tradewater  River  from  a  short  stream  which  flowed 
up  the  Ohio  to  the  Wabash. 

There  seems  to  be  but  one  explanation  of  all  the  features  connected 
with  the  Wabash,  and  that  is  that  it  originally  had  a  northern  outlet. 
Whether  this  was  toward  Lake  Michigan  or  Lake  Erie,  there  is  as  yet 
no  knowledge  upon  which  to  venture  an  opinion.  There  seems  no  escape 
from  the  conclusion  that  the  Kanawha,  the  Licking,  the  Kentucky,  and 
Salt  Rivers  extended  northward  and  westward  under  the  present  drift- 
covered  portions  of  Ohio  and  Indiana.  It  is  not  a  reasonable  supposition 
that  all  four  of  them  would  turn  abruptly  back  on  themselves  after  flow- 
ing hundreds  of  miles  toward  the  north  or  northwest,  and  seek  for  a 
southern  outlet.  The  pre-glacial  Green  and  the  Wabash  from  their  junc- 
tion, apparently  took  the  same  direction.      (See  figure  2.) 

From  the  ma]),  two  rivers  appear  to  offer  a  strong  contradiction  to 
this  view;  the  Saline  and  the  Little  Wabash.  The  former  has  been  re- 
ferred to;  it  will  be  observed  that  all  its  upper  tributaries  except  a  few 
very  small  ones  have  an  eastward  bearing,  toward  Ridgeway  and  Inman. 
The  well  drillings  also  point  to  this  course.  When  this  outlet  was  shut 
off,  the  floods  excavated  the  present  channel  to  the  Ohio. 

The  Little  Wabash  has  a  similar  history.  North  of  Carmi,  Skillett 
Fork  is  in  a  wide  valley,  with  a  general  easterly  trend.  A  short  dis- 
tance above  its  junction  with  the  main  stream  it  is  deflected  sharply 
southward  through  a  narrow  gorge  with   solid   rock  sides  and  bottom. 
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The  Little  Wabash  is  in  a  similar  gorge  above  the  junction,  the  two  thus 
carving  an  island  out  of  the  range  of  hills  which  bordered  Skillett  Fork 
on  the  south.  The  latter  was  the  principal  stream  at  that  time,  joining 
the  Wabash  near  Grayville;  the  Little  Wabash  itself  is  post-glacial,  as 
proven  by  the  occurrence  of  rock  at  various  places  in  its  channel  above 
Skillett  Fork.  It  also  has  rock  walls  and  a  rock  bottom  a  few  miles 
below  Carmi;  but  nothing  definite  can  be  learned  here,  as  deep  drift 
covers  all  the  area  between  this  stream  and  the  main  Wabash.  Be  this 
as  it  may,  it  is  certain  that  all  these  streams  were  turned  toward  the 
Ohio  when  the  ice  reached  the  country  south  of  the  Great  Lakes.  Re- 
gardless of  its  early  course,  the  Wabash  was  the  first  to  offer  an  escape 
to  glacial  floods,  and  to  carry  this  water  to  the  south.  The  rivers  above, 
in  their  turn,  joined  it. 

The  Tradewater  River,  which  apparently  should  have  turned  toward 
the  Wabash,  followed  the  somewhat  constricted  valley  of  the  Ohio  to  a 
point  a  few  miles  below  Golconda,  where  it  took  a  turn  to  the  westward 
into  Bay  Creek  and  Cache  River.  The  Kentucky  hills  then  extended 
across  the  present  valley,  at  Smithland,  to  Bay  Creek  on  the  north  and 
to  Metropolis  on  the  west,  deflecting  the  Cumberland  up  the  Ohio  to  join 
Tradewater. 

It  is  not  clear  why  Bay  Creek  should  have  silted  up,  or  why  the 
divide  at  Smithland  was  cut  away.  There  was  a  great  depth  of  water 
here;  on  the  hill  behind  the  town,  at  an  elevation  of  fully  100  feet  above 
the  highest  terrace,  a  cut  in  a  roadway  exposes  an  old  shore  line  of 
water-worn  gravel  and  sand  resting  on  native  clay  and  limestone.  There 
is  not  sufficient  exposure  to  indicate  whether  it  pertains  to  a  lake  or  to 
a  river. 

The  hills  on  the  north  side  of  Bay  Creek  extend  in  a  fairly  uniform 
curve  from  the  Ohio  to  the  Mississippi  flood-land  at  Olive  Branch;  to- 
ward the  west  they  are  composed  largely  of  stratified  siliceous  stone, 
which  evidently  replaces  the  original  limestone.  It  is  locally  known  as 
novaculite,  to  which  it  bears  a  much  closer  resemblance  than  it  does  to 
the  chert  so  abundant  in  this  region.  The  low  lands  north  and  west  of 
Metropolis,  drained  by  upper  Bay  Creek  and  lower  Cache  River,  contain 
many  knolls  and  ridges,  remnants  of  a  former  deposit  of  chert  gravel 
carried  down  by  the  Cumberland  and  Tennessee  rivers.  The  chert 
gravel  is  entirely  different  from  the  novaculite  in  the  bluffs  to  the  north. 
As  the  way  to  the  Mississippi,  and  so  to  the  gulf,  was  open,  it  is  not 
easy  to  account  for  the  deep,  quiet  water  in  which  this  gravel  accumu- 
lated. Had  there  been  a  land  depression  so  considerable  as  to  allow  an 
extension  of  the  Gulf  of  Mexico  to  submerge  all  this  territory,  there 
would  surely  be  other  evidence  of  it,  here  and  elsewhere.  It  is  not  re- 
ported. 

There  is  another  possibility.  It  seems  to  be  agreed  among  geologists 
that  a  subsidence  occurred  in  the  Mississippi  Valley  during  the  Glacial 
Epoch  or  at  least  during  a  part  of  that  time,  and  that  this  was  greater 
at   the   north   than   at   the    south.      The   gradient   of   southward   flowing 
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streams  would  thus  be  diminished  and  their  current  rendered  more  slug- 
gish. Wright  states  (Records  of  the  Past,  Jan.,  1905,  p.  15)  that  "for 
a  considerable  time  during  the  closing  stages  of  the  Glacial  Epoch,  while 
the  loess  was  being  deposited,  the  lower  Missouri  was  subject  to  an 
annual  rise  of  water,  in  the  month  of  August,  amounting  to  200  feet." 
This  being  true,  it  is  evident  that  at  the  same  time  and  from  the  same 
cause  the  Mississippi  and  the  Illinois  were  similarly  swollen,  as  were  all 
the  streams  coming  into  the  Ohio  from  the  north.  The  warm,  moisture- 
laden  winds  from  the  south,  coming  in  contact  with  the  cold  air  currents 
from  the  north,  kept  at  a  low  temperature  by  the  expanse  of  ice  over 
which  they  blew,  would  give  rise  to  torrential  rains,  producing  tremen- 
dous floods  in  the  Ohio's  southern  tributaries.  When  such  floods  oc- 
curred simultaneously,  and  united,  each  would  retard  the  others  and 
back  them  up  as  if  they  were  opposed  by  a  solid  obstacle.  That  such 
was  the  case  is  shown  by  the  elevation  of  loess  below  St.  Louis,  espe- 
cially at  Cape  Girardeau,  Missouri,  where  the  city  reservoir,  at  an  ele- 
vation of  170  feet  above  flood  level,  is  on  a  knoll  of  water-laid  material 
whose  summit  was  leveled  off  to  provide  the  required  space.  Just  how 
much  the  original  height  was  thereby  reduced,  does  not  appear;  but 
making  allowance  for  this  and  for  previous  erosion  by  the  elements 
through  thousands  of  years,  there  must  have  been  a  flood  height  of  more 
than  200  feet,  perhaps  as  much  as  250  feet.  This  would  cause  a  rise 
in  the  Ohio  sufficient  to  account  not  only  for  the  gravel  hills  near  Me- 
tropolis and  the  shore  line  on  the  hill  at  Smithland,  but  also  for  the 
•and  and  silt  accumulations  filling  the  depression  left  by  earlier  corra- 
sion  in  the  Ohio  as  far  up  as  the  Leavenworth  gorge,  and  in  its  lower 
tributaries  as  well. 

When  the  Wabash  was  debarred  from  its  northern  outlet,  when- 
ever and  wherever  that  may  have  been,  it  must,  for  a  time,  have  found 
or  made  its  way  westwaid  or  southward  directly  to  the  Mississippi.  It 
is  difficult  to  believe  that  the  immense  volume  of  water  which  drained 
into  it  from  the  north  and  the  east  could  have  poured  through  the  gorge 
at  Caseyville  without  enlarging  it  to  several  times  its  present  dimen- 
sions, when  we  know  that  smaller  quantities  of  water,  hundreds  of  miles 
above,  cut  wider  gorges  through  barriers  of  rock  much  higher,  more 
massive,  and  more  resistant,  than  that  at  Caseyville.  At  several  points 
in  Illinois  deeply  buried  channels  are  reported,  which  have  no  connection 
with  any  existing  system  of  drainage;  the  earlier  post-glacial  Wabash 
may  have  followed  one  of  these — if  there  was  more  than  one — until  the 
advancing  ice  shut  it  off  from  that  course  and  sent  it  back,  reversed, 
into  its  present  bod. 

In  this  paper  the  Glacial  Epoch  is  considered  as  a  unit;  the  alter- 
nating periods,  the  advances  and  recessions,  produced  many  changes  of 
varying  duration  and  of  unequal  importance;  but  on  the  whole  the  proc- 
ess of  drainage  reversal  was  continuous.  It  began  with  the  blocking-off 
of  the  river  whose  place  of  final  discharge  was  farthest  to  the  north; 
and  it  ceased  only  when  the  present  lines  were  established.  In  a  sense 
it  has  not  ceased  yet,  there  being  a  few  rock  bottoms  to  reduce,  as  at 
Letart  Falls,  Fern  Bank,  Louisville,  and  elsewhere. 
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It  is  objected  that  the  general  slope  of  the  land  in  the  Ohio  basin 
would  render  impossible  any  such  drainage  system  as  is  here  described. 
The  objection  is  valid,  on  its  face;  but  many  undoubted  changes  of  chan- 
nel as  radical  as  any  indicated  here,  have  taken  place  in  other  localities. 
Several  tributaries  of  the  upper  Tennessee,  as  well  as  New  River  of 
West  Virginia,  rise  on  the  Atlantic  slope  and  break  through  mountains 
hundreds  or  even  thousands  of  feet  higher  than  their  head  springs,  on 
their  way  to  the  Ohio;  the  Mississippi  practically  runs  along  a  hillside; 
other  examples  could  be  cited.  The  rivers  of  the  central  valleys  are  by 
no  means  of  recent  origin ;  there  has  been  ample  time  for  extensive 
variations  of  level  in  different  parts  of  their  drainage  area ;  so  a  study 
of  their  readjustments  is  not  to  be  based  solely  on  present  topographical 
conditions.  Further,  in  addition  to  alterations  resulting  from  elevation 
or  subsidence  in  the  mass  over  a  wide  territory,  there  are  minor  varia- 
tions due  to  differential  warping. 

In  tracing  buried  channels  by  ascertaining  the  depth  of  bed-rock  at 
different  points,  it  is  necessary  to  know  whether  the  bottom  of  the  well 
is  in  the  deepest  part  of  the  old  bed.  It  is  also  necessary  to  know  how 
much  the  bed  of  the  recent  or  present  stream  has  been  lowered  by  the 
corrasion  or  gouging  of  the  bottom  since  glacial  floods  were  first  turned 
into  it.  It  is  recognized  that  deductions  resulting  from  studying  some 
of  the  factors,  to  the  exclusion  of  others,  may  be  quite  misleading. 

Preliminary  to  constructing  dams  in  the  Ohio,  test  holes  were  bored 
at  short  intervals  across  the  stream  to  determine  the  character  of  ma- 
terial in  which  foundations  were  to  be  laid.  There  are  22  locations  below 
Manchester.  Omitting  the  dam  at  Louisville  which  is  built  on  the  ledge 
of  the  falls,  there  are  ten  sites  at  which  rock  bottom  was  reached.  All 
other  borings  stopped  in  loose  deposits.  In  regular  order  will  be  given 
the  number  of  dam,  the  name  of  the  nearest  town,  the  depth  of  the  hole 
(some  of  these  are  omitted),  the  elevation  above  sea-level  of  the  bottom, 
and  the  character  of  the  rock.  These  data  are  taken  from  Government 
charts. 


33— Maysville,  27.8  to  29.7.     425.3  to  427.2. 

Limestone  or  blue  clay  at  nearly  every  boring. 
34— Chilo.  30.1  to  38.3.     409.7  to  417.9. 

Limestone  at  nearly  every  boring. 
35— New  Richmond,  27.5.     415.3. 

Limestone  boulders   and  yellow  clay  at  this  boring,  which 

was  well  out  in  the  river.     Sand  and  clay  in  all  the  other 

holes. 

37— Fern  Bank.  20.81.     408. 

Limestone  all  the  way  across. 
38— Rising-  Sun.  39.0  to  58.5.    363.2  to  382.7. 

Limestone  at  every  boring. 
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39— Vevay.  33.3.     379.4. 

On   the   Kentucky  side   about   one-third  of  the   dam   is   on 

bed-rock.      Well    out    in    the    river   limestone   was    reached 

at  384.7. 
45 — Stephensport.  329.7. 

Sandstone. 
47— Newburg.     300.4. 

Coal. 
50— Caseyville.     295.3. 

Sandstone. 
51— Elizabethtown.    297.6. 

Limestone. 

At  Stephensport  and  at  Newburg  it  is  quite  possible  that  the  dams 
are  not  located  over  the  deepest  part  of  the  old  valley;  drillings  between 
the  river  and  the  farthest  hill  may  not  find  rock  at  the  depths  given. 
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THE  UPPER  CHESTER  OF  INDIANA. 


Clyde  A.  Malott,  Indiana  University 

Little  attention  has  been  given  to  the  detailed  stratigraphy  of  the 
Chester  series  of  the  Mississippian  system  of  Indiana,  especially  to  the 
upper  part.  No  description  of  the  upper  Chester  of  Indiana  has  ever 
been  attempted,  so  far  as  the  writer  is  aware.  It  is  the  purpose  of  this 
paper  to  present  in  some  detail  the  physical  characteristics  of  the  upper 
Chester  strata  as  they  occur  in  southern  Indiana  and  to  call  attention 
to  such  principal  strata  in  the  upper  Chester  which  may  be  recognized 
from  place  to  place  and  which  may  receive  a  name. 

The  Chester  series  form  the  uppermost  unit  of  the  Mississippian 
system  of  the  Mississippi  valley.  The  Chester  series  are  represented  in 
Indiana  by  a  number  of  formations  which  outcrop  in  the  southwestern 
part  of  the  state  in  a  general  north  and  south  direction,  extending  from 
near  Greencastle,  Putnam  County,  to  the  Ohio  River  at  the  southern 
boundaries  of  Harrison,  Crawford  and  Perry  counties.  In  the  vicinity 
of  Greencastle  only  a  few  feet  of  strata  are  present  beneath  the  Mans- 
field sandstone,  the  basal  member  of  the  Pennsylvanian  system.  South- 
ward the  thickness  increases.  Near  French  Lick  in  western  Orange 
County  the  thickness  has  increased  to  a  total  of  about  250  feet.  In 
Perry  County  at  the  southern  boundary  of  the  state  the  total  thickness 
has  increased  to  approximately  600  feet.  Only  the  lowest  members  of 
the  series  are  present  in  Putnam  County  at  the  northernmost  outcrops. 
Southward  younger  members  appear  beneath  the  overlapping  Mansfield 
sandstone,  and  the  maximum  number  of  formations  is  attained  in  the 
vicinity  of  the  Ohio  River.  The  areal  outcrop  width  at  the  north  is  but 
a  few  miles,  while  in  the  vicinity  of  the  Ohio  River  it  is  25  to  30  miles 
in  width. 

The  Chester  series  of  Indiana  may  readily  be  divided  into  three  di- 
visions, lower,  middle  and  upper.  Each  division  consists  of  a  number 
of  formations  or  lithologic  units.  The  lower  and  middle  Chester  consist 
of  a  regular  succession  of  alternating  limestones  and  elastics.  The  lime- 
stones hold  their  characteristics  over  wide  areas,  persisting  from  their 
northernmost  outcrops  to  and  beyond  the  Ohio  River  with  little  change. 
With  respect  to  these  diagnostic  limestones  the  elastics  between  them 
may  be  considered  unit  intervals,  taking  their  names  from  the  domi- 
nance of  the  sandstones  which  chiefly  characterize  them  in  their  out- 
crops. The  upper  Chester,  however,  does  not  conform  to  the  strati- 
graphic  simplicity  exhibited  in  the  lower  and  middle  divisions. 

The  lower  Chester  consists  of  seven  units  totaling  an  average  thick- 
ness of  about  150  feet.     These  units  have  been  studied  in  considerable 
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detail  by  the  writer,  and  have  been  tracd  throughout  their  areal  outcrop 
in  the  State.     Their  names  and  thicknesses  are  as  follows:1 

7.     Beech   Creek  limestone,  10-30  feet 

6.     Elwren  sandstone  interval,  10-40  feet. 

5.     Reelsville  limestone,  1-10  feet 

4.  Sample  sandstone  interval,  20-30  feet 

3.  Beaver  Bend  limestone,  5-20  feet 

2.  Mooretown  sandstone  interval,  10-30  feet 

1.  Paoli  limestone,  20-50  feet 
Fredonia  oolite,  St.  Genevieve. 

The  middle  Chester  consists  of  two  limestone  units  and  two  clastic 
intervals  chiefly  characterized  by  sandstone.  The  total  averaged  thick- 
ness is  about  150  feet.  The  lowermost  clastic  interval  may  be  divided 
into  a  sandstone  and  a  shale  unit  throughout  practically  all  of  the  area 
of  its  outcrop,  making  in  all  five  recognized  units.     They  are  as  follows : 

5.  Glen  Dean  limestone,  15-40  feet 

4.  Hardinsburg  sandstone  interval,  25-45  feet 

3.  Golconda  limestone,  10-40  feet 

2.  Indian  Springs  shale,  15-25  feet  )  . 

.,       ^  ,,  „rt  ,c  ,.     ,  >  interval,  50-65  feet 

1.     Cypress  sandstone,  30-45  feet        j  ' 

Beech  Creek  limestone 

General  Character  of  the  Upper  Chester 

The  upper  Chester  of  Indiana  is  represented  fullest  in  Perry 
County,  where  a  maximum  of  upwards  of  290  feet  of  strata  of  this 
division  occur.  The  strata  in  bulk  consists  chiefly  of  shales,  though 
locally  massive  sandstones  stand  out  in  impressive  thicknesses.  Thin 
impure  limestones  are  frequently  present  intercalated  between  the  bluish 
and   olive   green   shales. 

In  contrast  to  the  lower  and  middle  divisions  of  the  Chester,  no 
simple  alternating  succession  of  limestones  and  elastics  occur.  Simplic- 
ity in  character,  in  dimensions  and  in  succession  of  strata  end  with  the 
Glen  Dean  limestone.  The  upper  Chester  is  a  unit  which  does  not  well 
lend  itself  to  subdivision.  It  consists  characteristically  of  a  large  num- 
ber of  lens-like  individual  beds  in  one  section,  which  may  fail  to  be 
repeated  in  another  section  in  a  nearby  locality.  Even  groups  of  strata 
fail  to  show  commonness  throughout  any  considerable  area.  An  out- 
standing sandstone  tens  of  feet  thick,  giving  rise  to  great  overhanging 
cliffs  on  a  hillside,  may  in  a  short  distance  dwindle  to  insignificant  thin- 
ness. Single  units  are  not  easily  recognizable  either  in  their  limits  or 
characteristics.  A  few  horizons,  however,  may  be  traced  with  the  ex- 
ercise of  proper  care  over  considerable  distances.  But  even  the  most 
outstanding  units  are  erratic  in  occurrence,  in  thickness  and  in  lithic 
characteristics. 


1  Each  of  the  units  of  the  lower  and  middle  Chester  of  Indiana  has  been  defined  and 
briefly  described  by  Cumings  with  the  aid  of  the  writer  in  the  "Handbook  of  Indiana 
Geology,"   pp.  514-517,   1022. 
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Because  of  the  inconstancy  of  the  beds  and  the  consequent  lack  of 
ready  reference  horizons  in  the  upper  Chester,  the  Glen  Dean  limestone, 
the  uppermost  member  of  the  middle  Chester  has  served  as  an  admirable 
reference  plane  or  base  for  exploration  and  study  of  the  stratigraphy 
of  the  upper  Chester."  As  the  number  of  sections  up  from  the  Glen 
Dean  limestone  accumulated  in  the  detailed  study  of  the  Perry  County 
locality,  a  few  horizons  within  the  upper  Chester  began  to  stand  out. 
Finally  the  study  revealed  that  two  limestone  horizons  and  four  sand- 
stone units  or  horizons,  either  alone  or  in  groups  of  two  or  more,  could 
be  used  as  reference  planes.  After  the  characteristics  and  the  strati- 
graphical  relationships  of  these  horizons  or  units  became  established 
through  a  careful  study  of  numerous  well  chosen  sections,  the  work 
passed  from  that  of  mere  exploration  to  the  details  of  descriptive  strati- 
graphy and  structure,  the  study  having  been  undertaken  for  these  pur- 
poses. One  could  than  advance  into  the  maze-like  variety  of  the  upper 
Chester  with  some  certainty  of  finding  horizons  which  would  indicate 
the  stratigraphic  position  within  the  unit  without  recourse  to  the  Glen 
Dean  limestone  which  is  within  reach  of  only  a  limited  portion  of  the 
area  covered  by  upper  Chester  strata.  The  variety  of  the  stratigraphic 
succession,  the  change  in  the  individual  formations  from  one  locality  to 
another  and  the  relationships  of  the  overlapping  Mansfield  sandstone 
laid  down  upon  a  much  eroded  surface,  made  the  study  always  fascinat- 
ing, and  gave  to  the  work  that  pleasure  which  only  the  explorer  expe- 
riences when  advancing  into  unknown  and  uncharted  areas. 

The  two  limestone  and  the  four  sandstone  units  or  horizons,  which 
may  serve  as  reference  planes  in  structural  work  undertaken  in  the 
area  covered  by  the  upper  Chester,  do  not  all  occur  in  every  locality 
where  sections  may  be  obtained.  Rarely  may  all  of  them  be  identified 
in  any  single  section  or  locality.  These  recognizable  and  frequently  out- 
standing units  are  separated  chiefly  by  shales  which  may  not  be  iden- 
tified by  their  own  characteristics.  The  shales  are  variable  in  color, 
but  light  blue  and  olive  green  colors  are  the  common  ones.  Occasional 
shows  of  accompanying  maroon  or  purplish  colorations  are  erratically 
present.  Thin,  impure  limestone  lenses  or  limey  horizons  are  commonly 
intercalated  with  the  shales,  but  none  are  recognizable  or  persistent 
over  any  considerable  area  with  two  exceptions.  The  shales  are  largely 
hidden  by  a  cover  of  weathered  material  on  the  slopes.  They  serve 
as  foils  to  the  indurated  sandstones  which  frequently  protrude  out  on 

2  The  Glen  Dean  limestone  ranges  in  thickness  from  10  to  45  feet,  and  has  a  usual 
thickness  of  20  to  25  feet.  This  thickness  makes  it  likely  to  be  exposed  in  the  rough 
country  in  which  it  outcrops  below  the  upper  Chester.  It  may  be  readily  identified  both 
by  its  physical  characteristics  and  by  its  fossils.  It  is  usually  bedded,  though  frequently 
it  is  quite  massive.  Characteristically  it  is  a  creamy-white  in  color  and  dominantly 
oolitic.  Its  thinner  beds  are  frequently  gray  or  blue  in  color  and  are  not  oolitic  usually. 
The  fossils  as  a  ride  are  large.  Masses  of  bryozoan  and  crinoid  remains  make  up  con- 
siderable portions  of  the  limestone  in  the  upper  part  locally.  The  wing  plates  of  the 
crinoid  genus  Pterocrinus  are  common  in  these  masses.  Large  angular  blastids  of  the 
species  Pentremites  spicatus,  common  on  the  weathered  surfaces,  end  the  triangular,  ser- 
rated bryozoan  fronds  of  the  genus  Prismopora  serrtf.ata,  common  in  the  loose  weathered 
fragments,  are  index  fossils  for  the  formation.  See  Charles  Butts,  Mississippian  Forma- 
tions  of   Western   Kentucky,   Kentucky   Geol.    Surv.,    1917,   pp.   97-102. 
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the  steep  slopes  between  the  obscured  shale  zones.  Often  the  competent 
limestones  and  sandstones  at  their  outcrops  on  the  steep  hillsides  have 
moved  down  somewhat  over  their  slippery  shale  bases.  Detached  blocks 
of  sandstones  commonly  occur  in  abundance  below  the  outcropping  ledges 
on  the  steep  slopes,  obscuring  the  incompetent  shale  horizons  below. 

On  account  of  the  frequent  absence  of  one  or  more  of  the  expected 
limestone  or  sandstone  units,  or  its  or  their  change  to  shales  of  varying 
character,  the  limits  of  the  shales  normally  between  them  are  indefinite 
in  many  localities.  As  viewed  in  a  single  section  or  group  of  sections 
within  a  locality  the  shales  then  present  the  aspects  of  a  single  unit, 
where  in  fact  two  or  more  are  represented.  In  some  localities  this  ap- 
parent single  unit  comprehends  a  goodly  portion,  if  not  all,  of  the  upper 
Chester  present.  The  horizons  described  and  named  in  this  paper  are 
notable  expressions  of  limestone  and  sandstone  within  a  bulk  unit  of 
shale.  The  shale  masses  count  but  little  in  the  stratigraphic  expression 
of  the  upper  Chester,  and  may  not  be  used  in  the  study  of  the  struc- 
tural details  which  the  region  of  their  occurrence  expresses.  They  are 
mere  fillers  or  intervals  between  the  outstanding  limestone  and  sandstone 
units  which  alone  are  given  names  and  definite  status.  Table  1  is  a 
synopsis  of  the  upper  Chester  rock  succession  in  southern  Indiana,  giv- 
ing the  names  and  showing  the  stratigraphic  positions  of  the  outstand- 
ing units. 

TABLE  1.     UPPER  CHESTER  STRATIGRAPHY  IN  PERRY  COUNTY,  INDIANA 


Named  Units 

and 
Shale  Intervals 

Representative 
Thickness 

Feet 

Range  in 

Thickness 
Feet 

Normal  Vertical 
Distance  Above 
Glen  Dean  Ls. 

Nejjli  Creek  Limestone 

7 
28 
1(1 
25 

5 
30 

4 

30 
20 
60 
45 
15 

0-20 

15-40 
0-35 

10-35 
0-25 

15-45 
0-20 

20-45 
0-40 
0-125 
O-OO 
0-40 

280 

Mt.  Pleasant  Sandstone 

245 

Shale  Interval  . 

210 

Shale  Interval 

175 

Shale  Interval... 

140 

Glen  Dean  Limestone  (Middle  Chester) 


Outstanding  Units  of  the  Upper  Chester. 

Tar  Springs  Sandstone. — The  Tar  Springs  sandstone  was  incidentally 
named  by  Owen11  in  1857,  but  it  was  not  given  definite  status  as  a  sand- 
stone unit  until  1917  when  Butts'  made  a  study  of  the  Mississippian 
of  western  Kentucky.  The  name  is  taken  from  the  Tar  Springs  three 
miles  south  of  Cloverport,  Breckenridge  County,  Kentucky.  Here 
petroleum  bearing  springs  issue  from  near  the  base  of  the  sandstone 
which   is   massively   developed    in   the   locality.      It   is    prominent    in   the 

"'Owen,   D.   D.,    Second   Rept.,    Ky.    Cool.    Surv.,    1857,    p.    87. 

'Butts,     Chas..     Mississippian     Series    in     Western     Kentucky,     Ky.     Geol.     Surv.,     1917, 
PP.    103-105. 
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vicinity  of  Cloverport,  standing  out  as  vertical  bluffs  along  the  streams. 
It  is  typically  a  fine-grained,  cross-bedded  or  heavy  bedded  sandstone 
about  50  feet  thick.      (Fig.  1.)      Its  weathered  surfares  are  frequently 


Fig.  1.  View  of  the  massive  phase  of  the  Tar  Springs  sandstone,  at  the  head  of 
Ahbots  Hollow,  near  Branchville,  Perry  County.  The  Tar  Springs  sandstone  is  70  feet 
thick  here   and  valleys   of  the  box-canyon  type   are   developed   in   it. 

Fig.  2.  View  of  the  weathered  face  of  the  Tar  Springs  sandstone  showing  the 
fretted  and  honey-combed  surface  in  conjunction  with  cross-bedding.  One  mile  north- 
west  of   Branchville,    Perry    County. 


much  fretted  and  honey-combed  with  surface  iron  concentrations.  (Fig.  2.) 
As  a  rule  it  is  not  a  well  cemented  sandstone,  and  locally  it  is  quite 
friable.  In  Indiana  it  is  typically  45  feet  thick  where  well  developed,  but 
its  thickness  is  very  irregular,  ranging  from  a  few  feet  to  upwards  of  80 
or  90  feet  at  its  maximum.  It  is  absent  entirely  from  many  localities, 
and  in  others  but  poorly  developed.  It  may  rest  directly  on  the  Glen 
Dean  limestone  or  on  a  shale  a  few  feet  to  40  feet  above  the  Glen  Dean. 
It  is  present  as  far  north  as  the  Southern  Railway  tunnel  three  miles 
southwest  of  French  Lick  in  Orange  County,  but  it  may  occur  in  part 
as  far  north  as  Shoals  or  Dover  Hill  in  Martin  County,  where  the  Mans- 
field sandstone  of  the  Pennsylvanian  system  comes  to  rest  on  or  below  the 
Glen  Dean  limestone. 

As  a  single  sandstone  unit  above  the  Glen  Dean  limestone,  its  upper 
limits  are  quite  definite  when  the  sandstone  is  well  developed,  but  its 
upper  surface  is  very  irregular  and  does  not  represent  a  constant  struc- 
tural level.  It  appears  to  have  a  base  normally  about  15  feet  above  the 
Glen  Dean  limestone,  which  is  fairly  uniform,  though  not  without  some 
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exceptions.     No  place  has  been  observed  where  its  upper  surface  extends 
as  much  as  100  feet  above  the  Glen  Dean  limestone. 

Wickcliff  Sandstone. — Northward  from  the  latitude  of  Bristow  and 
Branchville,  Perry  County,  a  sandstone  appears  in  the  shales  above  the 
Tar  Springs  sandstone  and  below  the  Siberia  limestone.  Its  upper  sur- 
face occurs  at  a  uniform  level  about  140  feet  above  the  Glen  Dean  lime- 
stone and  about  35  feet  below  the  Siberia  limestone  where  the  latter 
may  be  found  to  outcrop.  This  sandstone  ranges  from  a  few  feet  in 
thickness  to  a  maximum  of  35  or  40  feet.  It  does  not  readily  weather 
and  is  quite  resistant  to  water  wear,  and  therefore,  usually  stands  out  on 
the  steep  valley  sides  and  gives  rise  to  waterfalls  in  the  beds  of  sma'l 
streams.  It  is  usually  bedded  and  very  hard  or  quartzitic  where  its 
thickness  is  but  a  few  feet.  Where  its  thickness  exceeds  10  or  15  feet 
it  is  usually  quite  massive  and  often  laminated  or  cross-bedded.  Its  hard 
upper  surface,  in  contrast  to  the  shale  overlying  it,  frequently  gives 
rise  to  a  bench  along  the  main  valleys.     It  is  excellently  developed  alcng 
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Fi^.  3.  View  of  the  joint  controlled  blocks  of  the  Wickcliff  sandstone  in  a  stream 
bed  one-hall'  mile  south  of  Uniontown,  northern  Perry  County.  This  sandstone  is 
euartzitic  in  character  and  .uives  rise  to  waterfalls  in  the  small  streams.  In  northern 
Perry  County  and  adjacent  parts  of  Crawford  and  Dubois  counties,  the  Wickcliff  sand- 
stone is  an  outstanding  unit  in  the  upper  Chester,  140  feet  above  the  Glen  Dean  lime- 
stone. 


the  Middle  Fork  of  Anderson  Creek  above  Bristow  to  Doolittle  in  Perry 
County.  It  stands  out  frequently  as  a  sandstone  wall  25  or  30  feet  high 
along  Anderson  Creek  northward  from  the  mouth  of  Sigler  Creek  east  of 
Siberia.  It  is  well  developed  north  of  the  Southern  Railway  and  south 
of  the  Patoka  River.  It  probably  does  not  extend  beyond  the  Patoka 
River,  as  the  Mansfield  sandstone  comes  down  below  its  horizon. 

This  sandstone  may  be  differentiated  easily   from  the  Tar   Springs 
sandstone  below  it  in  the  ravines  about  Wickcliff  in  northwestern  Craw- 
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ford  County.  Here  it  is  separated  from  the  massively  developed  Tar 
Springs  by  some  30  feet  of  dark,  sandy  and  olive  shale.  In  the  small 
creek  leading  south  from  Uniontown  to  Middle  Fork  of  Anderson  Creek, 
it  is  well  developed.  Its  upper  surface  is  exposed  in  the  creek  bed  for 
100  yards  or  more,  ending  in  a  waterfall  where  the  great  joint-controlled 
blocks  of  quartzitic  sandstone  have  tumbled  down  into  the  deeply  cut 
valley  below.  (Fig.  3.)  Below  it  occur  some  50  or  60  feet  of  shales 
with  a  few  thin  bands  of  yellow  limestone.  This  shale  overlies  the  Tar 
Springs  sandstone  which  shows  up  conspicuously  along  Middle  Fork  in 
the  locality.  Everywhere  this  sandstone  is  separated  from  the  Tar 
Springs  sandstone  by  shale  which  usually  is  50  or  60  feet  thick.  It 
varies  from  20  to  over  100  feet  in  thickness.  In  the  area  of  its  oc- 
currence north  of  the  latitude  of  Bristow  and  Branchville  it  is  a  per- 
sistent horizon.  It  was  observed  in  but  few  places  south  of  Bristow  or 
Branchville,  Unlike  the  Tar  Springs  sandstone,  its  upper  surface  is  at 
a  uniform  structural  level,  and  it  makes  a  dependable  horizon  for 
structure  determination. 

It  is  a  question  which  the  writer  wishes  to  leave  open  whether  this 
sandstone  should  receive  a  distinct  name,  say  the  Wickliff  sandstone,  or 
whether  it  should  be  considered  as  a  member  in  the  Tar  Springs  forma- 
tion, which  may  be  defined  as  extending  from  the  Glen  Dean  limestone 
up  to  the  Siberia  limestone  or  its  horizon.  It  is  not  an  outstanding  and 
readily  recognizable  unit  or  horizon  in  the  southern  two-thirds  of  Perry 
County.  The  Tar  Springs  sandstone  also  is  notably  absent  in  many 
localities,  but  where  present  it  is  very  prominent.  It  may  give  its  name 
to  the  entire  unit  between  the  Glen  Dean  and  the  Siberia  limestones. 
The  procedure  adopted  in  this  paper  is  to  refer  to  the  standstone  units 
individually,  and  the  name  Wickcliff  sandstone  is  here  used. 

Siberia  Limestone. — The  name  Siberia  was  proposed  by  the  writer5 
for  a  limestone  in  the  upper  Chester  which  appears  to  represent  a  rather 
wide-spread  and  persistent  horizon.  It  appears  beneath  the  Mansfield 
sandstone  in  the  latitude  of  Schnellville  and  Wickcliff  in  DuBois  and 
Crawford  counties  and  extends  beyond  the  Ohio  River  in  Breckenridge 
County,  Kentucky.  It  is  well  represented  in  a  few  exposures  in  the 
vicinity  of  Siberia,  Perry  County,  where  it  was  first  observed  to  occur. 
It  is  usually  thin,  but  in  some  sections  attains  a  thickness  of  10  to  20 
feet.  It  is  a  coarse,  crystalline  limestone,  carrying  numerous  fossils.  It 
is  laminated  or  cross-bedded  on  weathered  faces.  Frequently  it  is  quite 
silicious.  It  may  be  bedded,  but  usually  it  occurs  as  a  single  ledge  in 
soft  shale.  It  is  rarely  seen  in  place.  It  has  the  habit  of  appearing  on 
the  shale  slopes  as  slabs  or  blocks  which  have  slipped  out  from  the 
buried  ledge  beneath  the  mantle  rock.  Below  it  occurs  a  rather  per- 
sistent yellow  limestone  ledge  which  frequently  contains  fossils.  This 
yellow  ledge  may  be  considered  a  part  of  it,  though  it  is  usually  separated 
from  the  main  ledge  by  a  few  feet  of  shale.  The  Siberia  limestone  nor- 
mally is  175  feet  above  the  Glen  Dean  limestone. 

•5  Science,   N.   S.,   Vol.  51,   1!)20,  pp.  521-522. 
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The  Siberia  limestone  is  three  feet  thick  in  a  ravine  one-half  mile 
northeast  of  Siberia;  five  feet  thick  in  the  J.  Schilling  quarry  two  and 
one-half  miles   southeast   of  Siberia    (fig.   4);   near   Doolittle   it   is   three 
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Fig.  4.  View  of  the  Siberia  limestone  in  the  locality  of  its  type  section,  J.  Schilling 
quarry,  2%  miles  southeast  of  Siberia,  Perry  County.  This  limestone  is  175  feet  above 
the  Glen  Dean  limestone.  It  is  quite  fossiliferous,  and  may  be  identified  over  wide  areas 
in  Perry  County,  Ind.,  and  Breckinridge  County,  Ky.  Good  exposures  of  it  in  place  are 
not  common. 

feet  thick;  and  about  Birdseye  it  is  from  3  to  20  feet  thick.  It  is  espe- 
cially well  developed  along  Lick  Creek  for  some  three  miles  north  of 
Birdseye,  where  the  thicker  outcrops  occur.  About  one-half  mile  south- 
east of  Schnellville  it  is  15  feet  thick.  It  does  not  occur  north  of 
Schnellville,  as  the  Mansfield  sandstone  occupies  its  horizon.  Near 
Branchville  it  is  five  feet  thick.  Southward  it  is  thin,  ranging  from  a 
few  inches  to  two  feet.  It  may  be  identified  in  a  number  of  sections 
in  the  southern  part  of  Perry  County  by  virtue  of  being  fossil  bearing, 
whereas  other  thin  limestones  in  the  upper  Chester  are  barren  of  fossils. 
Exceptions  occur,  however. 

Bristow  Sandstone.  The  Bristow  sandstone  is  a  thin  to  massive 
sandstone  which  occurs  in  the  upper  Chester  shales  about  210  feet  above 
the  Glen  Dean  limestone.  The  name  Bristow  is  proposed  for  it  from 
the  village  of  Bristow  in  the  valley  of  Middle  Fork  of  Anderson  Creek, 
Perry  County.  The  sandstone  here  is  massive,  somewhat  softer  than 
usual,  fine-grained,  and  about  15  feet  thick.  It  outcrops  on  the  valley 
sides  a  short  distance  above  the  valley  floor  and  is  excellently  exposed 
within  the  limits  of  the  village.  (Fig.  5.)  The  Bristow  sandstone  is 
usually  three  to  seven  feet  thick,  consisting  of  one  or  more  layers  which 
well  resist  weathering  and  water  wear.  The  sandstone  is  fine-grained 
and   hard,   often   being  quartzitic   in    character.      It  is   well   jointed   and 
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blocks  of  it  slump  down  the  hillsides.  It  frequently  gives  rise  to  benches 
on  the  hillsides  and  to  waterfalls  in  the  beds  of  small  streams.  Figure 
6  shows  a  typical  waterfall  cliff  in  a  stream-bed,  which  the  hard  Bristow 
sandstone  is  responsible  for. 


Fig.    5.      View    of    the    Bristow    sandstone    at    its    type    locality    in    the    valley    side    of 
Anderson  Creek  at   Bristow,   Perry   County.     The   sandstone  is   15   feet  thick  here. 


Fig'.  6.  View  of  the  quaitzitic  phase  of  the  Bristow  sandstone  in  the  bed  of  a  small 
stream' at  the  roadside  one-half  mile  north  of  Bandon,  Perry  County.  The  Bristow  sand- 
stone almost  invariably  gives  rise  to  small  waterfalls  in  the  beds  of  small  streams.  This 
view   is  typical.     The  Bristow   sandstone  makes   an   excellent   structural   horizon. 


Of  all  horizons  of  the  upper  Chester  in  Perry  County,  the  Bristow 
sandstone  is  most  frequently  found.  It  shows  in  the  majority  of  sec- 
tions taken  which  encompass  its  horizon  from  the  Ohio  River  northward 
to    the    limits    of    its    extension    near    the    northern    boundary    of    Perry 
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County.  In  places  it  thickens  into  a  massive  sandstone  which  stands 
in  wall-like  form  on  the  valley  sides,  but  no  thickness  greater  than  25 
feet  has  been  observed. 

Mt.  Pleasant  Sandstone.  The  Mt.  Pleasant  sandstone  is  a  sand- 
stone very  similar  to  the  Bristow  sandstone  35  feet  below  it,  but  it  is 
usually  thicker  and  is  less  regular  in  its  characteristics.  It  is  rarely 
absent  in  well  exposed  sections,  but  in  some  localities  it  becomes  a  sandy 
limestone  breccia.  It  consists  of  one  or  more  beds  and  in  places  some 
of  the  lower  beds  are  separated  by  the  shale.  It  is  quite  hard  or  quart- 
zitic  in  character,  especially  its  upper  ledges  where  more  than  one  oc- 
curs. Its  upper  surface  may  serve  as  an  excellent  horizon  for  struc- 
tural determinations.  It  is  approximately  245  feet  above  the  Glen  Dean 
limestone.  It  frequently  gives  rise  to  local  structural  flats  where  it  is 
the  uppermost  formation  between  the  deeply  set  valleys  of  Perry  County. 
Mt.  Pleasant,  in  the  middle  northeastern  part  of  Perry  County,  is  lo- 
cated on  a  structural  plain  of  considerable  area,  and  it  is  from  the 
development  of  the  sandstone  here  that  it  receives  the  name  Mt.  Pleas- 


Fig.  7.  View  of  the  hard,  quartzitic  Mt.  Pleasant  sandstone,  Jones  Hill,  east  of  the 
mouth  of  Deer  Creek,  four  miics  east  of  Cannelton,  Perry  County.  The  upper  surface 
of  this  sandstone  is  normally  245  feet  above  the  Glen  Dean  limestone,  and  makes  an 
excellent   structural   horizon. 


ant.  Its  thickness  varies  from  2  to  35  feet.  It  extends  from  near  the 
latitude  of  Branchville  and  Bristow  in  Perry  County  southward  beyond 
the  Ohio  River  into  Kentucky.  Its  northern  extension  is  limited  by  the 
unconformity  of  the  Mississippian-Pennsylvanian  contact.  Figures  7  and 
8  show  its  two  most  characteristic  outcropping  phases. 

Negii  Creek  Limestone.  The  uppermost  formation  of  the  upper 
Chester  in  Indiana  is  the  Negli  Creek  limestone,  a  limestone  ranging 
from  2  to  20  feet  in  thickness  and  occurring  at  or  near  the  base  of  the 
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Fig.  8.  View  of  the  massively  developed  Mt.  Pleasant  sandstone  on  the  Rickert 
place,  near  the  top  of  Shank  Hill,  two  and  one-half  miles  northwest  of  Rome,  Perry 
County.  The  sandstone  here  reaches  a  maximum  of  35  feet  in  thickness.  Less  than  one- 
fourth   mile  west   it  is  but  live  feet  thick. 


v  ■•!"'■■  ■■ 


Fig.  9.  View  of  an  outcrop  of  the  Negli  Creek  limestone,  Jones  Hill,  east  of  the 
mouth  of  Deer  Creek,  four  miles  east  of  Cannelton,  Perry  County.  The  Negli  Creek 
limestone  is  the  uppermost  member  of  the  Chester  series  in  Indiana.  It  is  normally  280 
feet  above  the  Glen  Dean  limestone. 
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Mansfield  sandstone  in  the  southern  part  of  Perry  County.  This  lime- 
stone receives  its  name  from  its  excellent  exposures  along  Negli  Creek, 
a  tributary  of  Little  Deer  Creek,  four  or  five  miles  east  of  Tell  City, 
Perry  County.  Here  it  attains  a  thickness  of  about  15  feet,  thick  enough 
to  have  small  caves  in  it.  It  is  usually  quite  massive,  but  on  its 
weathered  faces  bedding  is  well  brought  out.  The  beds  are  from  a  few 
inches  to  a  few  feet  thick.  The  bedding  planes  are  irregular,  giving  the 
surfaces  of  the  bed  an  uneven  appearance.      (Figs.  9  and  10.)      In  color 


Fig.  10.     Near  view  of  the  Negli  Creek  limestone,  showing  tht  uneven  bedding  planes 
in   the   weathered  face  of  an  exposure  at   Jones  Hill,   four  miles   east  of   Cannelton. 

it  ranges  from  a  rusty  yellow  to  white  or  dove  color.  It  is  quite  fossil- 
iferous,  containing  many  conspicuous  spirifers  and  many  bryozoans.  Its 
weathered  surfaces  are  characterized  by  a  coral  colony  from  an  inch  to 
several  inches  across,  and  of  a  hemi-globular  shape  with  concentric 
structure.     It  is  probably  a  Chaetetes. 

In  addition  to  its  exposure  along  Negli  Creek,  it  is  well  exposed 
along  the  south  side  of  Caney  Creek  to  the  south,  and  at  various  places 
along  the  valley  sides  of  the  Deer  Creeks  as  far  north  as  the  latitude 
cf  Gerald.  At  a  number  of  places  along  the  lower  parts  of  the  Deer 
Creeks  it  is  exposed  where  it  has  been  taken  out  for  macadam  road 
construction.  In  other  areas  its  outcrops  are  rather  scarce,  as  it  is  at 
or  near  the  base  of  the  Mansfield  sandstone,  and  is  either  absent  or 
covered  with  talus  from  the  massive  Mansfield.  It  was  noted  to  occur 
in  a  small  locality  about  one  mile  northwest  of  Leopold,  not  far  from 
the  center  of  Perry  County.  This  isolated  occurrence  is  several  miles 
north  of  the  plentiful  exposures  in  the  southern  part  of  the  county. 
Its  horizon  is  approximately  280  feet  above  the  Glen  Dean  limestone. 


Some  Details  of  the  Upper  Chester. 

The  character  of  the  upper  Chester  stratigraphy  may  best  be  given 
by  means  of  a  number  of  detailed  sections.  Sixteen  sections  are  given 
below  which  represent  the  upper  Chester  in  Indiana.     The  locations  of 
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li:. 


the  sections  are  given  descriptively,  and  the  sketch  map,  figure  11,  has 
been  prepared  to  serve  as  an  aid  in  depicting  the  locations.  Each  sec- 
tion is  numbered  and  its  location  on  the  sketch  map  is  shown  by  a  dot 
accompanied  by  the  number  of  the  section.  Where  possible  the  sections 
are  given  names  in  terms  of  the  local  geography. 


The  Upper  Chester  of 
Indiana 
CNde.   A.  Maloft         , 

tnd.  Univ. 

Fig.  11.  Sketch  map  of  Perry,  Crawford.  Orange  and  parts  of  adjacent  counties. 
Indiana,  showing  locations  by  dot  and  number  of  sections  obtained  from  the  Upper 
Chester  and  given  in   full   in  the  text. 
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Perhaps  one  of  the  best  sections  obtained  is  from  the  Buffalo  Wal- 
low locality,  one  and  one-half  miles  west  of  Cloverport,  Kentucky.  This 
section  is  as  follows: 

Section  No.  1.  Buffalo  Wallow  locality,  about  one  and  one-half 
miles  west  of  Cloverport,  Ky.,  adjacent  to  the  Ohio  River,  Kentucky 
side. 

Mansfield  sandstone,  15  feet  deep,  at  top  of  hill. 

Feet 

30.     Shale,  blue-gray    5 

29.     Negli  Creek  limestone,  weathered  slabby 2 

28.     Covered   10 

27.     Shale,  light  blue   15 

26.     Shale,  light  green 3 

25.     Shale,  maroon    , 4 

24.     Shale,   olive 21 

23.     Mt.  Pleasant   (sandstone) ,  sandy  limestone  breccia   5 

22.     Shale,  shows   of    12 

21.     Limestone,  yellow   1 

20.     Shale,   light  blue    , 2 

19.     Bristow  sandstone,  quartzitic,  thins  out 0-4 

13.     Shale,  light  blue   8 

17.     Limestone,  white,  weathers  into  small  fragments 2 

16.     Shale,  calcareous  or  marl-like   1 

15.     Limestone,  white  and  hard    1 

f  4.     Shale,  calcareous  or  marl-like  1 

13.     Shale,  light 2 

12.     Limestone,  yellow   2 

11.     Shale,  light    6 

10.     Siberia  limestone,  white  and  fossiiiferous   Wz 

9.     Shale,  shows  of 0ZV2 

8.     Wickcliff  sandstone,  quartzitic    4 

7.      Shale,  shows  of 21 

6.     Sandstone,  calcareous,  suggestion  of  chert IV2 

5.     Shale,  shows  of  bluish 12 

4.     Limestone,  coarse,  fossiiiferous    1% 

3.     Shale,   sandy    5 

2.     Tar  Springs  sandstone,  massive,  cross-bedded,  wall-like  along 

river  bluff,  waterfalls  in  ravines 60 

1.     Covered     20 

Glen  Dean  limestone,  25  feet,  from  low  water  of  the  Ohio  River. 
Total  thickness  of  upper  Chester 267  feet. 

The  entire  thickness  of  the  upper  Chester  here  is  somewhat  less 
than  the  normal,  but  every  on^  of  the  outstanding  units  described  in 
this  paper  may  be  identified,  and  the  shale  intervals  separating  them 
are  nearly  normal.  The  Tar  Springs  sandstone  is  excellently  developed, 
standing  as  a  great  wall  above  the  Ohio  valley  floor.  Above  it  occurs 
the  great  shale  bulk  which  Butts  has  selected  as  the  type  section  for  his 
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"Buffalo  Wallow  formation."6  Butts  regards  the  upper  Chester  above 
the  Tar  Springs  sandstone  as  a  unit.  He  recognizes  the  thin  limestone, 
given  as  No.  4  in  the  section,  as  being  rather  persistent  in  occurrence 
in  Breckinridge  County,  attaining  a  thickness  as  great  as  15  or  20  feet. 
He  believes  it  to  be  representative  of  the  Menard  limestone  of  southern 
Illinois.  This  limestone  has  been  observed  at  a  number  of  places  in 
Perry  County,  but  not  with  such  regularity  as  to  warrant  its  inclusion 
as  an  outstanding  unit.  Butts  calls  attention  to  a  very  fossiliferous  and 
persistent  limestone  occurring  from  70  to  90  feet  above  the  Tar  Springs 
sandstone.  This  is  probably  No.  10  of  the  section.  The  writer  recognizes 
it  as  the  Siberia  limestone.  Here  it  is  75  feet  above  the  Tar  Springs 
sandstone  and  155  feet  above  the  Glen  Dean.  Butts  also  calls  attention 
to  the  limestone  conglomerate,  No.  23  of  the  section.  This  is  regarded 
by  the  writer  as  representative  of  the  Mt.  Pleasant  sandstone.  In  the 
Miller  Hill  section,  No.  G  given  below,  the  same  horizon  is  represented 
by  a  conglomerate.  Also  in  a  few  other  localities,  notably  in  the  vicinity 
of  Terry,  Perry  County,  the  Mt.  Pleasant  sandstone  horizon  is  repre- 
sented by  a  limestone  conglomerate.  Again  Butts  notes  a  limestone  oc- 
curring at  or  near  the  top  of  his  "Buffalo  Wallow  formation,"  which  is 
probably  the  Negli  Creek  limestone.  This  same  limestone  is  present  in 
the  Buffalo  Wallow  section,  given  as  No.  29.  Its  presence  here  was  not 
noted  by  Butts.  It  is  a  white  or  dove-colored  limestone,  and  has  on  its 
weathered  surfaces  the  hemi-globular  coral  colonies  which  are  so  char- 
acteristic of  the  Negli  Creek  limestone. 

The  Peach  Hill  section,  No.  2,  three  miles  northwest  of  the  Buffalo 
Wallow  section  offers  some  contrasting  features,  especially  with  respect 
to  the  Tar  Springs  sandstone.     This  section  is  as  follows: 

Section  No.  2.  Peach  Hill  composite  section,  up  Ohio  River  valley 
side  from  flood-plain  to  top  of  Peach  Hill,  two  miles  northeast  of  Tobins- 
port,  Perry  County. 

Top  of  hill. 

Covered  with  Tertiary  gravels   (Lafayette),  40  feet. 

Feet 

31.     Negli  Creek  limestone,  hard,  gray,  fossiliferous 7 

30.     Shale,   green 2 

29.     Limestone,    yellow    1 

28.     Shale,  light  olive    12 

27.     Mt.    Pleasant    sandstone,    upper    half,     cross-bedded,     ripple- 
marked   and   micaceous;    lower  half,    hard    and    massive, 

forming  a  waterfall  ledge    18 

26.     Shale,  shows  of  light 19 


25. 


Limestone,    yellow 1 


24.     Shale,   light 5 

23.     Bristow  sandstone,  quartzitic,  waterfall  ledge,  lower  part  thin 

bedded    5 

"Butts.   Chas.,   Mississippian   Formations  of  Western  Kentucky,   Ky.   Geol.   Surv..   1917, 
pp.    112-116. 
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22.  Shale,  bluish    6 

21.  Sandstone,  impure 1 

20.  Shale,    bluish     9 

19.  Limestone,    yellow 2 

18.  Shale,  shows  of  light  and  bluish 37 

17.  Limestone,  hard  gray,  with  shale  parting 5 

1 6.  Shale,    green    3 

1 5.  Limestone,    yellow    1 

14.  Shale,  light    7 

13.  Limestone,  yellow    2 

12.  Shale,  light 18 

11.  Limestone,  hard  gray    2 

10.  Shale,  light 3 

9.  Limestone,  impure    2 

8.  Shale,  shows  of  light  to  bluish 55 

7.  Shale,  light  and  maroon   10 

6.  Sandstone,  quartzitic,  fine  grained  4 

5.  Shale,  light  to  bluish 11 

4.  Limestone,   fossiliferous 1 

3.  Shale,  light  to  bluish 9 

2.  Shale  with  thin  bands  of  yellow  limestone  . 6 

1.  Shale,   light    10 

Glen  Dean  limestone,  30  feet. 
Flood-plain  of  Ohio  River. 

Total  thickness  of  upper  Chester  present    274  feet. 

The  Tar  Springs  fails  almost  entirely.  The  four-foot  quartzitic 
ledge  41  feet  above  the  Glen  Dean  is  its  sole  representative,  and  in 
itself  would  never  be  recognized  as  the  Tar  Springs.  Neither  the 
Wickcliff  sandstone  nor  the  Siberia  limestone  show  in  the  section.  The 
Bristow  sandstone  is  typically  represented  and  the  Mt.  Pleasant  sand- 
stone is  more  than  its  usual  thickness.  The  Negli  Creek  limestone  is 
excellently  represented.  In  a  section  down  a  ravine  southeast  from  the 
top  of  Peach  Hill,  the  Tar  Springs  sandstone  is  35  feet  thick,  consisting 
of  laminated  and  shelly  sandstone,  its  base  being  35  feet  above  the  Glen 
Dean  limestone.  The  Siberia  may  be  identified  in  five  feet  of  hard  blue 
and  gray  limestone  separated  from  the  Bristow  sandstone  above  by  18 
feet  of  bluish  shale. 

Farther  to  the  northeast  the  Shank  Hill  section  shows  the  following 
strata : 

Section  No.  3.  Shank  Hill  composite  section,  along  road  and  nearby, 
21/&  miles  northwest  of  Rome,  Perry  County. 

Feet 
24.     Mt.   Pleasant    sandstone,    very   massive,   overhanging   cliff   in 

places  about  brow  of  hill,  at  Rickert's  "dripping  spring".  .    35 

23.     Covered    10 

22.     Bristow   sandstone,   quartzitic   ledge   at  top   three   feet   thick, 

seven  feet  of  shelly  and  flaggy  sandstone  at  bottom 10 
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21.  Shale,  bluish    5 

20.  Limestone,  yellow   1 

19.  Shale,  light    9 

1 8.  Limestone,   white    2 

17.  Shale,  bluish    12 

16.  Limestone,   white    1 

15.  Shale,    green    2 

14.  Limestone,   white    1 

13.  Shale,  light    2 

12.  Limestone,  yellow    1 

11.  Shale,  light    3 

10.  Limestone,  yellow   1 

9.  Shale,  light  and  bluish    45 

8.  Limestone,    yellow    1 

7.  Shale,  blue  and  green   34 


Limestone,    hard    gray 


5.     Shale,  blue  and  green 25 

4.     Limestone,   shelly,   silicious    5 

3.     Shale,  blue  and  green 30 

2.     Limestone,  shelly,  silicious 1 

1.     Shale,    blue 4 

Glen  Dean  limestone,  30  feet. 
Foot  of  hill. 

Total  thickness  of  upper  Chester  represented   245  feet. 

Here  only  the  Bristow  and  Mt.  Pleasant  sandstones  may  be  iden- 
tified. No  sandstone  at  all  occurs  between  the  Glen  Dean  and  the  Bris- 
tow. Some  rather  heavy  limestones  in  the  great  bulk  of  shale  are  within 
the  horizon  normally  occupied  by  the  Tar  Springs  sandstone.  The  Bris- 
tow is  but  little  thicker  than  usual,  and  its  upper  quartzitic  ledge  shows 
as  a  pavement  at  the  top  of  the  hill.  The  Mt.  Pleasant  sandstone  shows 
in  the  road  a  little  west  of  the  top  of  the  hill,  but  it  is  best  exposed 
about  the  hill  on  either  side.  Here  it  attains  its  maximum  known 
thickness  in  Indiana,  being  35  feet  thick  and  without  bedding.  (Fig.  8.) 
In  less  than  one-quarter  mile  west  of  this  locally  developed  great  thick- 
ness it  has  thinned  down  to  a  quartzitic  ledge  only  five  feet  thick.  It 
appears  that  its  upper  surface  retains  its  normal  position,  and  that  the 
increased  thickness  comes  in  below  at  the  expense  of  the  shale  interval 
between  it  and  the  Bristow  sandstone.  One-half  mile  west  of  the  sec- 
tion the  Negli  Creek  limestone  is  present  in  the  Cannelton-Rome  road, 
where  it  is  two  feet  thick. 

The  section  at  Jones  Hill  near  the  mouth  of  Deer  Creek  is  interest- 
ing because  of  the  excellent  development  of  the  Mt.  Pleasant  sandstone 
and  the  Negli  Creek  limestone.     The  section  is  as  follows: 

Section  No.  4.  Jones  Hill,  just  east  of  the  mouth  of  Deer  Creek, 
five  miles  east  of  Cannelton,  Perry  County. 

Covered  slope  to  top  of  hill,  shows  of  sandy  shale  and  shelly  sand- 
stone, probably  Mansfield,  35  feet. 
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Feet 
14.     Negli  Creek  limestone,  nodular  and  irregular  bedding  planes 

on  weathered  face,  massive  where  fresh    10 

13.     Shale,  light  blue 15 

12.     Mt.  Pleasant  sandstone,  in  part  quartzitic 5 

11.     Sandstone  and  shale,  bedded  and  shelly,  Mt.  Pleasant 8 

10.     Covered,  great  blocks   of  Mt.    Pleasant    sandstone   and   some 

shows  of  shale    12 

9.     Shale,  light  blue  10 

8.     Covered 25 

7.     Shale,  light  blue   35 

6.     Shale  and  thin  beds  of  limestone  10 

5.     Shale,  light  blue 8 

4.     Limestone     1 

3.     Shale,  light  blue   14 

2.     Shale  and  thin  limestone  layers   5 

1.     Shale,  light  blue   10 

Valley  floor  of  Deer  Creek  and  Ohio  River. 

Total  upper  Chester  exposed 168  feet. 

The  Mt.  Pleasant  sandstone  here  stands  out  conspicuously  140  feet 
or  more  above  the  valley  floor  of  the  Ohio  River.  (Fig.  7.)  It  ranges 
from  3  to  12  feet  in  thickness  in  the  300  yards  of  its  continuous  ex- 
posure along  the  brow  of  the  hill.  Great  joint-controlled  blocks  of  the 
heavy  quartzitic  sandstone  have  tumbled  and  migrated  down  the  steep 
slope.  Some  of  them  lie  flat  and  others  stand  spectacularly  on  end. 
They  are  conspicious  down  the  slope  to  the  very  floor  of  the  valley. 
About  300  yards  back  from  the  spur-point  of  the  hill  may  be  seen  a 
number  of  blocks  of  the  Negli  Creek  limestone  which  have  slid  down 
from  their  true  stratigraphic  position.  These  blocks  of  limestone  show 
the  typical  weathered  faces  of  the  Negli  Creek  limestone.  The  views 
shown  in  figures  9  and  10  were  obtained  here.  This  section  is  further 
interesting  because  of  the  contrast  with  the  strata  at  the  same  level  on 
the  other  side  of  Deer  Creek  one  mile  west.  The  Mansfield  sandstone 
over  150  feet  thick  comes  down  to  the  very  floor  of  the  valley  or  even 
lower.  A  fault  of  150  to  200  feet  occurs  between  the  two  sides  of  the 
valley,  extending  in  a  north-south  direction  across  the  Ohio  River  and 
parallel  with  Deer  Creek  valley.  It  is  only  one  of  the  series  of  faults 
which  occur  in  the  locality. 

The  uppermost  Chester  strata  along  Negli  Creek  are  given  in  the 
following  section.  This  is  the  type  section  of  the  Negli  Creek  lime- 
stone. 

Section  No.  5.  Type  section  of  the  Negli  Creek  limestone,  on  the 
west  side  of  Negli  Creek,  NW.  quarter  of  Sec.  36,  T.  6  S.,  R.  3  W., 
Tour  and  one-half  miles  east  of  Tell  City,  Perry  County. 

Mansfield   sandstone,   100   feet   or  more. 
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Feet 

5.     Covered,  probably  shale 10 

4.     Negli   Creek    limestone,    consists    of   one    ledge    with    imperfect, 
nodular   or    wavy    bedding    planes    on    weathered    surfaces 

and  on  fresh  faces   appears  massive 12 

3.     Shale,  bluish   23 

2.     Mt.    Pleasant    sandstone,    hard,    weathers    out    and    slides    into 

creek  bed  in  great  blocks 7 

I.  Shale,  bluish,  somewhat  sandy   8 

Bed  of  Negli  Creek. 

Total  upper  Chester  exposed    50  feet. 

The  Miller  Hill  section,  No.  6,  shows  the  upper  part  of  the  upper 
Chester,  beginning  at  the  bottom  near  the  horizon  of  the  Wickcliff  sand- 
stone. The  Siberia,  Bristow,  Mt.  Pleasant  and  Negli  Creek  units  are 
present  in  the  section  with  the  intervals  of  shale  separating  them  about 
normal  in  thickness.     The  section  is  as  follows: 

Section   No.   6.      Miller   Hill,  west   side  of   Deer   Creek  valley,  NE. 

quarter   of   16,   T.    6    S.,   R.   2    W.,   about   nine   miles   northeast   of  Tell 
City,   Perry   County. 

Covered  slope   and   Mansfield   sandstone. 

Feet 
22.     Negli   Creek   limestone,   a   single   ledge   with   imperfect   wavy 

bedding  planes  on  weathered  faces 7 

21.     Shale,  greenish 14 

20.     Shale,  maroon      4 

19.     Shale,  greenish 10 

18.     Mt.   Pleasant    (sandstone),   a  calcareous   sandy   conglomerate, 

fossiliferous 3 

17.     Shale,    light 8 

16.     Limestone,  yellow,  weathers  shelly  or  into   laminas 2V2 

15.     Shale,   light 1 

14.     Limestone,  yellow 2 

13.     Shale,   green    and   blue 13% 

12.     Bristow  sandstone,  shelly 2 

II.  Shale,  bluish 18 

10.     Sandstone,    shelly 2 

9.     Shale  light  green  and  bluish 22 

8.     Siberia  limestone,  white,   fossiliferous 2 

7.     Shale,    bluish    3 

6.     Limestone,   white    1 

5.     Shale  and  yellow  limestone  layers 13 

4.     Sandstone,    shelly   or   laminated 2 

3.     Shale    2 

2.     Limestone,    yellow    1 

1.     Shale,    light     2 

Valley  floor  of  Deer  Creek. 

Total  upper  Chester  exposed  in  section 135  feet. 
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It  is  to  be  noted  that  the  Mt.  Pleasant  here  is  a  limestone  con- 
glomerate similar  to  that  shown  in  the  Buffalo  Wallow  section.  Across 
the  valley  the  Mt.  Pleasant  is  present  in  its  normal  sandstone  phase 
and  is  about  10  feet  thick.  The  Bristow  sandstone  is  poorly  developed 
in  the  section. 

Excellent  sections  may  be  obtained  of  the  middle  and  upper  Ches- 
ter in  the  vicinity  of  Derby.  The  boat  landing  at  Derby  is  a  broad 
platform  of  Beech  Creek  limestone  which  extends  for  about  one-half  mile 
along  the  river.  The  various  members  of  the  middle  Chester  stand 
out  along  the  river  bluff,  the  top  being  capped  by  15  or  20  feet  of 
Tar  Springs  sandstone,  the  base  of  which  is  about  35  feet  above  the 
Glen  Dean  limestone.  At  Koohns  Hill,  1  mile  northwest  of  Derby,  is 
an  excellent  section  of  the  upper  Chester,  as  follows: 

Section  No.  7.  Koohns  Hill,  roadway  one  mile  northwest  of  Derby, 
Perry  County. 

Covered  slope  and  Mansfield  sandstone  to  top  of  hill,  30  feet. 

Feet 
28.     Bristow  sandstone,  consisting  of  an  upper  ledge  of  quartzitic 
sandstone  three  and  one-half  feet  thick  and  a  lower  ledge 
of  similar  sandstone  five  feet  thick,  separated  by  six  and 

one-half  feet  of  shale 15 

27.     Shale,   blue    and   green 9 

26.     Limestone   and   sandy   shale 2 

25,     Shale,    greenish     .  , 9 

24.     Limestone,   yellow    2 

23.     Shale,   sandy    15 

22.     Limestone,   yellow    1 

21.     Shale,   light    3 

20.     Sandstone,    shelly    2 

19.     Shale      8 

18.     Limestone,   yellow    2 

17.     Shale 22 

16.     Limestone,  white 1 

15.     Shale    5 

14.     Limestone,   yellow    2 

13.     Shale    ' 22 

12.     Limestone,  white    1 

11.     Shale    9 

10.     Limestone   layers    separated    by    shale 10 

9.     Shale 10 

8.     Sandstone,    green,   calcareous 2 

7.     Shale    8 

6.     Sandstone,   shelly  or  laminated 5 

5.     Shale    10 

4.     Limestone,  white 2x/2 

3.     Shale    2V2 

2.      Sandstone,   impure,   friable 1 

1.     Shale,   green   and   blue 54 
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Glen  Dean  limestone,  25  feet. 

Foot  of  hill. 

Total  thickness  of  upper  Chester  in  section 235  feet 

Here,  shale  prevails  above  the  Glen  Dean  for  215  feet.  It  takes 
considerable  imagination  to  correlate  the  five  feet  of  shelly  sandstone, 
No.  6  of  the  section,  70  feet  above  the  Glen  Dean,  with  the  Tar 
Springs  sandstone.  The  Bristow  sandstone  is  divided  into  two  parts, 
a  rare  feature.  It  is  possible  that  the  upper  ledge  is  representative  of 
the  Mt.  Pleasant  instead.  Heavy,  coarse-grained  Mansfield  sandstone 
caps  the  top  of  the  hill. 

Excellent  sections  with  continuous  exposures  of  250  feet  or  more 
may  be  obtained  along  Oil  Creek  northward  from  Derby.  Courcier 
Hill,  on  the  road  between  Rono  and  Mt.  Pleasant,  exhibits  a  prac- 
tically continuous  exposure  of  strata  with  a  total  thickness  of  over 
400  feet.  It  begins  at  the  top  of  the  Beech  Creek  and  ends  with  the 
top  of  the  Mt.  Pleasant.  Elder  Hill,  near  Union  Township  High 
School,  two  and  one-half  miles  southwest  of  Rono,  exhibits  but  little 
less.  On  either  side  of  Oil  Creek  valley  along  the  Mt.  Pleasant-Leo- 
pold road  excellent  sections  occur.  The  one  given  below  is  representa- 
tive of  the  upper  Chester  in  the  Mt.   Pleasant  locality. 

Section  No.  8.  Mt.  Pleasant-Oil  Creek  section,  along  the  Leopold- 
Mt.  Pleasant  road,  on  the  eastern  valley-side  of  Oil  Creek,  Perry 
County. 

Top  of  hill  or  edge  of  the  structural  plain  one  mile  west  of  Mt. 
Pleasant  village. 

Feet 

40.     Mt.  Pleasant  sandstone,  consisting  from  bottom  up   of  three 

feet  of  shelly   sandstone,  two   feet  of   shale,   four  feet  of 

hard    sandstone,   five   feet   of   sandy    shale,    and   nine    feet 

of    hard    yellow    sandstone,    giving    rise    to    a    structural 

plain      23 

39.     Shale     2 

38.     Limestone,  yellow 1 

37.     Shale,  blue  and   green 9 

36.     Bristow    sandstone,    three    feet    of   quartzitic    sandstone    over- 
lying seven   feet  of  shelly   sandstone 10 

35.     Shale,   green    and   blue 8 

34.     Limestone,   yellow    V2 

33.     Shale,    greenish     6 

32.     Shale,    bluish    20 

31.     Limestone,  yellow   2 

30.     Shale,  green 8 

29.     Limestone,    yellow    3 

28.     Shale,  green    5 

27.     Limestone,    yellow    2 

26.     Shale,  green    10 

25.     Limestone,    yellow    1 

24.     Shale,  green   and  blue 3 
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23.  Limestone,    yellow    1 

22.  Shale,   green    3 

21.  Limestone,    yellow    1 

20.  Shale,  green G 

19.  Limestone,    yellow    2 

18.  Shale,  green  and  blue 4 

17.  Limestone,    yellow    2 

16.  Shale,  green    3 

15.  Limestone,    yellow    1 

14.  Shale,  green    2 

13.  Limestone,    yellow    . V-z 

12.  Shale,  blue  and  green 38 

11.  Limestone,    hard   blue 2 

10.  Shale,  green 5 

9.  Limestone,  with  much  shale 5 

8.  Shale,  maroon   and  green 15 

7.  Limestone,   impure,   hard 1 

6.  Shale,    greenish    8 

5.  Shale,   sandy    9% 

4.  Limestone,    impure    1 V2 

3.  Shale,  bluish 5 

2.  Sandstone,  very  calcareous    (Tar  Springs?) 6 

1.  Shale,  bluish 9 

20  feet  of  Glen  Dean  limestone. 

30  feet  of  Hardinsburg   sandstone. 

Valley  floor  of   Oil  Creek. 

Total  thickness  of  upper  Chester  present 244  feet 

In  the  above  section  294  feet  of  Chester  strata  are  exposed,  244 
feet  of  which  is  upper  Chester.  Between  the  Glen  Dean  limestone 
and  the  Bristow  sandstone  occurs  a  monotonous  succession  of  green- 
ish shales  and  thin  bands  of  yellow  limestone.  The  Tar  Springs  is 
represented  by  a  very  calcareous  sandstone  six  feet  thick  a  few  feet 
above  the  Glen  Dean  limestone.  Such  a  sandstone  is  common  in  the 
locality,  but  in  some  of  the  sections  obtained  it  is  somewhat  thicker 
and  less  calcareous.  The  Mt.  Pleasant  sandstone  contains  some  shale 
between  the  well  cemented  beds.  The  total  thickness  of  the  formation 
is  not  great,  but  it  gives  rise  to  plateau-like  upland  expanse  pre- 
served on  its  upper  surface.  The  village  of  Mt.  Pleasant  is  located 
on  this  structural  flat.  Small  streams  flow  over  it  in  shallow  valleys 
and  leave  it  by  plunging  over  waterfall  cliffs  into  deeply  cut  valleys 
below. 

In  the  vicinity  of  Branchville  the  Tar  Springs  sandstone  is  un- 
usually thick  and  massive.  The  Abbott  Hollow  section  is  typical  of 
the  locality.     It  is  as  follows: 

Section  No.  9.  Abbott  Hollow  section  one-half  mile  northwest  of 
Branchville,   Perry  County. 

Covered  slope. 
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Feet 
9.     Shale,  light   7 

8.  Limestone,    hard,    fossiliferous 2 

7.  Shale  and  covered 0 

6.  Tar  Springs  sandstone,  one  great  single  ledge,  cross-bedded, 

honey-combed    and    fretted    surfaces,    gives    rise    to    box- 
canyon  of  Abbott's  Hollow  headed  by  a  60-foot  waterfall.    70 

5.  Shale,    blue,    clay-like 5 

4.  Limestone,  impure 1 

3.  Shale,   blue    2 

2.  Limestone,  impure 1 

1.  Shale,  blue 3 

Glen  Dean  limestone  20  feet. 

Here  the  Tar  Springs  sandstone  is  70  feet  thick,  and  it  gives 
rise  to  a  box-canyon  typical  of  a  number  of  others  in  the  vicinity. 
The  sandstone  is  very  massive,  fine-grained,  rather  friable  and  in 
places  its  surface  exhibits  beautifully  developed  honey-comb  weather- 
ing in  association  with  elaborate  cross-bedding.     (Fig.  2.) 

In  the  section  up  the  road  west  of  Branchville,  about  one-fourth 
mile  southwest  of  Abbot  Hollow  the  Tar  Springs  sandstone  is  but  40 
feet  thick.     This  section  is  as  follows : 

Section  No.  10.  Branchville  section,  in  road  up  hill  from  one-half 
to  three-quarters  mile  west  of   Branchville,   Perry   County. 

Top  of  hill. 

Feet 

28.     Shows    of   shale 15 

27.     Shale,   light 10 

26.     Shale,   maroon    and    reddish 4 

25.     Shale,   light    6 

24.     Sandstone,  shelly  with  thin  bands  of  shale 5 

23.     Shale,  shows  of  light 10 

22.     Siberia   limestone,    gray,    coarse,    semi-crystalline,   bedded....  5 

21.     Shale 3 

20.     Limestone,  hard    1 

19.     Shows  of  light  and  olive  shale 16 

18.     Limestone,    yellow 2 

17.     Shale     3 

16.     Limestone,    yellow    1 

15.     Shale,   light,  olive   and  bluish 10 

14.     Limestone,    yellow    2 

13.     Shale,   light   and   olive 10 

12.     Limestone,    yellow    1 

11.     Shale,  light  and   olive 10 

10.     Limestone,    yellow    V2 

9.  Shale,    light    10 

8.  Sandstone,  very  fine  and  dense,  novaculite V2 

7.  Shale,  blue,   olive   and   light 35 

6.  Limestone,  hard,  blue,   fossiliferous 1 

5.  Shale,   light    5 
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4.  Tar   Springs    sandstone,    massive,    cross-bedded,    yellowish    to 

white    40 

3.  Shale,  bluish    15 

2.  Limestone,  silicious   2 

1.  Shale,  bluish    3 

Glen  Dean  limestone,  10   feet  or  more. 

In  this  section  the  interval  between  the  Tar  Springs  sandstone  and 
the  Siberia  limestone  is  composed  of  shale  with  the  usual  intercalated 
impure  limestone  bands.  No  suggestion  of  the  Wickcliff  sandstone 
unit  is  present,  but  over  the  ridge  in  Winding  Creek  valley,  two  miles 
west,  the  Wickcliff  sandstone  is  excellently  developed.  It  does  not  show 
in  the  Aders  Hill  section,  one  and  one-half  miles  northeast  of  Bristow, 
though  it  is  present  in  the  locality.  The  Aders  Hill  section  is  as 
follows: 

Section  No.  11.  Section  shown  on  hillside  across  the  road  from 
Aders  residence  one  and  one-half  miles  northeast  of  Bristow,  Perry 
County. 

Mansfield  sandstone,  20  feet. 
Shale,  5  feet. 
Iron  ore,  3  feet. 

Feet 

13.     Shale,    greenish    9 

12.     Limestone,    yellow    1 

11.     Shale,    greenish 2 

10.     Limestone,    yellow    1 

9.     Shale,    light    10 

8.     Bristow  sandstone,   a   single   massive  ledge,   quartzitic 8 

7.     Shale,   light    27 

6.     Siberia,   limestone,    gray,    semi-crystalline,    fossils 3 

5.  Shale,  bluish    12 

4.  Limestone,   yellow 1 

3.  Shale,   light    2 

2.  Limestone 1 

1.     Shale,  bluish    11 

Valley  floor. 

In  this  section  the  Mt.  Pleasant  horizon  is  taken  up  by  the  Mans- 
field sandstone.  The  Siberia  limestone  occurs  in  a  number  of  ravines 
in  the  locality  and  is  about  three  feet  thick.  The  Bristow  sandstone 
is  excellently  developed,  but  is  much  thinner  than  at  the  village  of 
Bristow  where  it  is  15  feet  thick.  This  sandstone  continues  above  the 
valley  floor  of  Middle  Fork  of  Anderson  Creek  for  about  three  and  one- 
half  miles  south  of  Bristow.  Only  a  few  feet  of  shale  occur  between 
it  and  the  massive  Mansfield  sandstone,  and  on  the  west  side  of  the 
valley  the  Mansfield  in  places  rests  directly  on  the  Bristow  or  oc- 
cupies its  horizon. 

A  composite  section  along  the  small  creek  northeast  of  Siberia 
is  as  follows: 
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Section  No.  12.  Composite  section  along  and  near  road  about 
one-half  mile  northeast  of  Siberia,  Perry  County. 

Covered  slope. 

Feet 

11.     Bristow  sandstone,  hard,  massive 10 

10.     Covered 18 

9.     Shale 2 

8.     Siberia  limestone,  coarse,  silicious,  fossiliferous 3 

7.     Shale,   greenish    12 

6.     Limestone,    yellow    2 

5.     Shale 2 

4.     Limestone,    yellow    1 

3.     Shale,    sandy,    blue 15 

2.     Wickcliff  sandstone,  very  hard,  massive 10 

1.     Covered    15 

This  is  about  as  far  north  as  the  Bristow  sandstone  has  been 
observed.  It  is  present  along  Anderson  Creek  as  far  southwest  as 
Adyeville,  where  the  dip  carries  it  below  the  valley  level.  On  the  west 
side  of  Anderson  valley  about  two  and  one-half  miles  south  of  Siberia, 
it  attains  its  maximum  observed  thickness.  Here  it  is  25  feet  thick 
and  stands  as  a  massive  wall  above  the  valley  floor. 

The  Wickcliff  sandstone,  shown  in  the  above  section,  is  well  de- 
veloped along  main  Anderson  Creek,  and  in  places  is  approximately  40 
feet  thick.  Two  miles  southeast  of  Birdseye  it  forms  the  upper  part 
of  the  steep  valley  side,  its  upper  surface  giving  rise  to  a  sharp 
shoulder  and  a  bench  about  100  feet  above  the  valley  floor  of  Ander- 
son Creek.  About  30  feet  above  it  may  be  seen  occasional  outcrops  of 
the  Siberia  limestone  from  5  to  10  feet  thick.  Thick  blocks  of  it  occur 
as  they  have  slipped  from  position  in  the  shale  mass  of  the  slopes.  In 
the  Birdseye  locality  the  Mansfield  sandstone  frequently  rests  on  the 
Siberia  limestone,  and  in  places  comes  down  below  its  horizon. 

Just  south  of  Wickcliff,  along  the  Birdseye  road  and  in  a  small 
creek  or  branch,  the  upper  part  of  the  Tar  Springs  sandstone  gives 
rise  to  a  cliff  35  feet  high.  The  Tar  Springs  here  is  a  laminated 
massive  sandstone.  It  is  succeeded  by  30  feet  of  dark  sandy  and  olive 
shales.  Above  the  shales  is  the  Wickcliff  sandstone,  consisting  of 
massive  cross-bedded  sandstone  chiefly,  though  the  lower  part  is  well 
bedded.  It  appears  to  be  about  35  feet  thick.  It  is  followed  by  about 
20  feet  of  light  and  olive  green  shales  in  which  is  a  ledge  of  yellow 
limestone  a  foot  or  more  in  thickness.  This  limestone  apparently  is 
the  one  which  usually  occurs  beneath  the  Siberia  limestone.  The 
Siberia  does  not  appear  to  be  present,  as  its  northern  limits  are  termi- 
nated here  by  the  overlapping  Pottsville  of  the  Pennsylvania  system. 

At  "Pilot  Knob",  eastern  Crawford  County,  four  miles  south  of 
Marengo,  some  50  feet  of  shale  occurs  above  the  Glen  Dean  limestone, 
and  this  shale  in  the  spectacular  "Knob"  is  capped  by  some  35  feet 
of  coarse,  massive  Mansfield  sandstone.  "Indian  Ridge,"  one  and  one- 
half  miles  northwest  of  Leavenworth,  is  composed  of  shale  and  Tar 
Springs  sandstone,  with  a  total  thickness  of  about  75  feet  above  the 
Glen   Dean   limestone. 
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An  excellent  section  of  the  Chester  may  be  obtained  up  the  valley- 
side  west  from  the  bridge  across  Little  Blue  River  just  north  of  Sul- 
phur. The  section  begins  with  the  Beaver  Bend  limestone  at  the  bridge 
level.  The  upper  part  of  the  section  encompasses  85  feet  of  upper 
Chester  strata,  as   follows : 

Section  No.  13.  Upper  part  of  west  side  of  valley  of  Little  Blue 
River,  in  and  near  road  one-half  mile  north  of  Sulphur,  Crawford 
County. 

Top  of  hill. 

Feet 

14,     Sandstone,  bedded,  forming  hill  crest  in  road 10 

13.     Shale,    blue 11 

12.     Sandstone,  shelly  or  laminated 3 

11.     Shale,   light    2 

10.      Sandstone,  shelly 5 

9.     Shale,    purple 2 

8.     Shale,    light    and    olive 20 

7.  Sandstone,    flaggy    5 

6.  Shale,  olive   3 

5.  Limestone,   silicious    2 

4.  Shale     4 

3.  Limestone,   silicious    2 

2.  Sandstone,    shelly     5 

1.  Shale,    blue    11 

Glen  Dean  limestone,  20  feet. 

This  is  essentially  a  shale  section,  and  is  in  contrast  to  a  section 
obtained  from  a  ravine  by  the  side  of  the  road  about  one-half  mile  to 
the  west,  where  40  feet  of  massive  Tar  Springs  sandstone  rests  on 
15  feet  of  shale  occurring  above  the  Glen  Dean  limestone.  Again, 
two  miles  farther  west,  just  east  of  West  Fork,  the  Tar  Springs 
sandstone  appears  to  be  entirely  absent.     This  section  is  as  follows: 

Section  No.  14.  West  Fork  section,  in  road  leading  east  from 
West   Fork,  Crawford  County. 

Feet 

8.  Shale,  light,  sandy  near  top 25 

7.  Shale,   olive    10 

6.  Limestone,    coarse,    silicious 1  a2 

5.  Shale,    gray,    sandy 5 

4.  Limestone,    coarse,    silicious 3 

3.  Shale,    light,    sandy 10 

2.  Limestone,    coarse,    silicious 1 

1.     Shale,    olive    9 

Glen  Dean  limestone,   15   feet. 

The  Tar  Springs  sandstone  is  remarkably  developed  in  the  Taswell 
locality.  One  mile  southeast  of  Taswell,  at  "Spruce  Pine  Bluffs,"  the 
Tar  Springs  sandstone  rests  directly  on  the  Glen  Dean,  and  is  90  feet 
thick.     This  is  the  greatest  thickness  known  for  this  formation  in  In- 
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diana.     About  three  miles  north  of  "Spruce  Pine  Bluffs"  the  following 
section  was  obtained: 

Section   No.    15.      Section   in   road   and   ravine  about   two   and   one- 
half  miles  north  of  Taswell  and  about  three  miles  southwest  of  Browns- 
town,  Crawford  County. 
Top  of  high  ridge. 
Mansfield  sandstone  and  cover,   35  feet. 

Feet 

8.     Shale,  greenish,  mottled  with  maroon  colorations.  . 15 

7.     Sandstone,  bedded,  part  of  it  friable    ( Wickcliff?) 5 

6.     Shale,   green  and   maroon 20 

5.     Shale,    light,    sandy 10 

4.     Sandstone,   shelly   and   flaggy 5 

3.     Shale,  light  and  olive,  somewhat  sandy 20 

2.  Tar    Springs    sandstone,    massive,    somewhat    friable,    honey- 

combed and  fretted  weather  surfaces,  waterfall  and  box- 
canyon     85 

1.  Covered     10 

Spalls  of  Glen  Dean  limestone. 

The  thickness  of  the  Tar  Springs  sandstone  here  rivals  that  at 
"Spruce  Pine  Bluffs."  The  sandstone,  No.  7,  of  the  section,  60  feet 
above  the  Tar  Springs  probably  represents  the  Wickcliff.  This  section 
is  rather  exceptional  in  the  locality,  nearly  reaching  the  horizon  of  the 
Siberia  limestone. 

At  the  Southern  Railway  tunnel  three  miles  west  of  English,  the 
Pennsylvania  strata  rest  on  shale  about  30  feet  above  the  Glen  Dean 
limestone. 

North  of  the  Patoka  River  in  southwestern  Orange  County  the 
Tar  Springs  sandstone  occupies  the  upper  parts  of  the  ridges,  though 
towards  the  southwestern  part  of  the  county  the  Mansfield  sandstone 
becomes  prominent.  At  Queen  City  the  Tar  Springs  sandstone  is 
about  35  feet  thick,  and  rests  on  a  shale  interval  about  15  feet  thick 
above  the  Glen  Dean  limestone.  At  the  western  end  of  the  Southern 
Railway  tunnel,  three  miles  southwest  of  French  Lick  the  following 
section   was   obtained : 

Section  No.  16.  Section  at  and  near  the  western  end  of  the 
Southern  Railway  tunnel,  three  miles  southwest  of  French  Lick,  Orange 
County. 

Mansfield  sandstone,  80  feet. 

Feet 

3.  Tar  Springs  sandstone,  massive,  fine-grained 35 

2.  Shelly   sandstone   and   shale 3 

1.     Shale,   sandy    3 

Glen  Dean  limestone,  two  massive   ledges,   12   feet. 
Hardinsburg  sandstone   interval,   shale   and   sandstone,   22   feet. 
Railway  level. 

This  is  as  far  north  as  the  upper  Chester  has  been  traced  and 
differentiated.     It  is  quite  likely  that  isolated  parts  of  the  Tar  Springs 
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sandstone  or  its  equivalent  shale  horizon  may  occur  in  the  area  be- 
tween French  Lick  and  Shoals  or  Dover  Hill.  At  these  latter  places 
the  Mansfield  comes  to  rest  on  the  Glen  Dean  limestone  or  on  strata 
below  it. 

Summary  and  Conclusion. 

It  is  shown  in  this  paper  that  order  in  stratigraphic  succession 
prevails  in  the  upper  Chester  of  Indiana.  This  order  may  best  be  seen 
when  the  Glen  Dean  limestone  below  is  used  as  a  reference  plane.  It 
is  shown  that  a  number  of  individual  stratigraphic  units  within  the 
upper  Chester  may  be  recognized  from  place  to  place  and  that  they 
have  a  specified  position.  Six  units,  consisting  of  four  sandstones  and 
two  limestones,  are  recognized,  described,  named  and  given  definite 
stratigraphic  status.  Two  of  these  units  had  previously  been  recog- 
nized as  present,  but  their  detailed  characteristics,  stratigraphic  rela- 
tionships and  limits  of  distribution  were  largely  unknown.  Numerous 
sections  are  presented  which  show  the  details  of  rock  succession  in  the 
many  localities  represented.  The  common  outstanding  units  of  the 
sections  are  given  their  individual  names,  thus  showing  the  distribution 
of  the  units,  their  marked  characteristics  from  place  to  place,  their 
reliability  of  occurrence,  and  their  relationships  to  the  strata  above 
and  below  them. 

Butts7  has  described  the  same  group  of  rocks  south  of  the  Ohio 
River.  He  divides  the  upper  Chester  into  two  divisions,  consisting  of 
the  individual  Tar  Springs  sandstone  and  the  aggregate  Buffalo  Wal- 
low formation.  The  Tar  Springs  sandstone  is  described  as  a  sand- 
stone of  varying  character,  but  is  not  recognized  as  being  absent  in 
any  section  or  locality.  The  shale  interval  between  it  and  the  Glen 
Dean  limestone  below  is  considered  as  a  part  of  the  Glen  Dean  for- 
mation. The  Buffalo  Wallow  formation  is  defined  as  a  unit  of 
Mississippian  rocks  above  the  Tar  Springs  sandstone,  consisting  prin- 
cipally of  shales  with  a  subordinate  aggregate  of  limestone  and  sand- 
stone, the  whole  formation  having  a  thickness  of  150  to  200  feet. 
Little  attempt  is  made  to  divide  the  Buffalo  Wallow,  though  certain 
strata  are  noted  which  may  be  recognized  from  place  to  place.  Butts 
uses  the  name  Buffalo  Wallow  because  the  natural  sub-divisions  pres- 
ent in  southern  Illinois  may  not  be  distinguished  northward  from 
Warren  County,  Ky.  He  presents  faunal  evidence  to  show  that  they 
are  represented  in  the  Buffalo  Wallow  shales,  but  are  not  distin- 
guished  by   contrasting   lithologic   units. 

In  view  of  the  character  of  the  Tar  Springs  sandstone  in  In- 
diana, the  question  may  be  asked:  What  is  the  upper  limit  of  the 
Glen  Dean  formation  when  the  Tar  Springs  sandstone  is  absent? 
What  is  the  lower  limit  of  the  Buffalo  Wallow  formation  when  the 
Tar  Springs  sandstone  is  absent?  Answers  to  these  questions  call  for 
an  establishment  of   stratigraphic   horizons   which   may  be   projected   in 

7  Butts,    Chas.,   The   Mississippian   Formations   of   Western    Kentucky,   Ky.    Geol.    Surv., 
1917. 
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the  local  absence  of  the  formation  unit  which  has  been  used  to  estab- 
lish the  horizon. 

A  detailed  study  of  the  upper  Chester  strata,  such  as  that  under- 
taken by  the  writer  before  preparing  this  paper,  will  show  that  it  is 
expedient  to  regard  as  a  unit  all  Mississippian  strata  above  the  Glen 
Dean  limestone  or  above  the  recognized  base  of  the  Tar  Springs  sand- 
stone or  the  horizon  of  its  base.  This  unit  is  composed  principally  of 
shales,  but  it  has  within  it  certain  outstanding  limestones  and  sand- 
stones, which,  by  virtue  of  their  fairly  persistent  characteristics  and 
their  general  reliability  of  occurrence  in  definite  stratigraphic  posi- 
tions, become  fixed  horizons,  though  the  limestones  and  sandstones 
themselves  may  be  locally  absent.  The  Tar  Springs  sandstone  is  a 
stratigraphic  unit  sufficiently  impressive  in  character  and  certain 
enough  in  occurrence  in  a  particular  stratigraphic  position  to  estab- 
lish a  fixed  stratigraphic  horizon  within  a  group  of  rocks  to  which  it 
belongs.  It  is  evident  that  Butts  in  his  estimation  of  the  limits  of 
the  Glen  Dean  formation  did  not  use  this  principle,  and  as  a  conse- 
quence assigns  a  thickness  of  180  feet  to  the  Glen  Dean  formation8 
along  Caney  Creek  five  miles  southeast  of  Cloverport,  Breckenridge 
County,  Ky.  The  normal  thickness  of  the  Glen  Dean  in  this  locality 
is  40  to  50  feet.  Butts  here  includes  all  the  strata  above  the  Glen 
Dean  limestone  in  the  Glen  Dean  formation  as  far  up  as  the  first 
sandstone,  which  in  the  individual  section  used  is  probably  the  Wick- 
cliff  sandstone.  He  thus  includes  some  130  or  140  feet  of  the  upper 
Chester  strata  with  a  unit  which  belongs  to  the  middle   Chester. 

It  may  be  admitted  that  the  Tar  Springs  sandstone  has  a  well 
established  horizon  at  or  near  the  base  of  the  upper  Chester.  Like- 
wise the  Wickcliif  sandstone,  the  Siberia  limestone,  and  the  other 
units  described  and  differentiated  in  this  paper  have  each  their  own 
horizon  within  the  upper  Chester.  This  is  a  feature  which  this  paper 
attempts  to  establish.  These  units,  or  their  horizons  in  Indiana,  occur 
above  the  Glen  Dean  limestone  as  follows:  Wickcliff  sandstone,  140 
feet;  Siberia  limestone,  175  feet;  Bristow  sandstone,  210  feet;  Mt. 
Pleasant  sandstone,  245   feet;   and   Negli   Creek  limestone,   280   feet. 

It  does  not  appear  to  the  writer  that  any  advantage  is  gained  by 
applying  the  name  Buffalo  Wallow  to  the  aggregate  of  the  upper  Ches- 
ter strata  exclusive  of  the  Tar  Springs  sandstone.  The  name  Buffalo 
Wallow  would  have  been  better  used  had  it  included  the  entire  upper 
Chester,  thereby  including  the  Tar  Springs  sandstone.  It  would,  there- 
fore, serve  as  a  name  for  the  aggregate  strata  of  the  upper  Chester 
as  expressed  in  the  area  north  of  Warren  County,  Kentucky,  where  the 
individual  divisions  of  the  unit  do  not  conform  to  series  in  southern 
Illinois. 

This  paper  should  not  close  without  a  suggested  correlation  of  the 
units  described  and  established  with  those  which  have  been  fixed  by 
Weller  farther  south  in  Kentucky.  Without  a  careful  checking  of  the 
strata  lying  between  the  Ohio  River  and  the  Princeton  Quadrangle  area, 
Kentucky,  it  is  somewhat  hazardous  to  attempt  such  a  correlation.   With- 

8  Mississippian   Formations  of  Western   Kentucky,   Ky.   Geol.   Snrv.,   1917,   p.  98. 
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out  presenting  the  evidence  the  writer  will  merely  give  his  opinion  with 
respect  to  the  probable  equivalent  strata  of  the  two  areas.  The  Siberia 
limestone  appears  to  have  the  same  stratigraphic  position  as  the  Vienna 
limestone  in  southern  Illinois  and  as  recently  extended  eastward  as  far 
as  Caldwell  County,  Kentucky,  by  Weller.'1  The  Bristow  and  the  Mt. 
Pleasant  sandstones  together  appear  to  be  the  stratigraphic  equivalent 
of  Weller's  Waltersburg  sandstone  as  described  in  the  Princeton,  Ken- 
tucky, Quadrangle.  The  Negli  Creek  limestone  is  likely  the  equivalent 
of  the  Menard  limestone  of  the  Illinois  Chester.  The  Menard  limestone 
is  recognized  as  being  present  in  the  Princeton,  Kentucky,  Quadrangle 
area.  The  WickclifT  sandstone  does  not  appear  to  have  an  equivalent 
in  Kentucky  which  as  yet  has  been  differentiated.  It  may  be  no  more 
than  a  localized  development  of  sandstone. 

'•'  Wcllcr,    Stuart,    Geology    of    the    Princeton    Quadrangle,    Kentucky,    Ky.    Geol.    Surv., 
Series   VI,   Vol.   X.   1923. 
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NOTES    ON    AREAL    GEOLOGY    OF    JASPER    COUNTY, 

INDIANA. 


T.  M.   Bushnell,  Purdue  University  Agricultural   Experiment   Station. 

In  the  course  of  Soil  Survey  work  the  field  men  "pick  up"  more  or 
less  information  about  the  geology  of  their  area,  although  it  is  now 
generally  recognized  that  the  formations  may  not  determine  soil  types. 
However,  the  areal  distribution  of  groups,  associations  or  patterns  of 
soil  types  may  often  be  correlated  with  geologic  units.  Therefore  a 
geologic  map  or  recognition  of  geologic  differences  should  help  a  soil 
man  to  locate  soils,  and  conversely,  a  soil  map  may  bring  out  geological 
features  previously  unrecorded  or  which  have  not  been  worked  out  in 
detail.  Soil  men  seldom  have  the  knowledge  or  time  to  study  deeply 
such  questions  as  fossils  or  age  of  formations,  but  generally  observe 
land  forms  and  dominant  lithologic  nature  of  the  surface  materials. 
Often  some  soil  feature  recorded  on  the  map  will  gradually  reveal  a 
pattern  which  will  explain  the  accumulation  of  the  geologic  materials. 

Leverett's  glacial  map  of  Indiana  is  the  most  detailed  work  we  have 
seen  covering  Jasper  County,  and  several  maps  in  the  Handbook  of 
Indiana  Geology  show  the  underlying  rocks  of  the  area. 

Although  the  bed  rock  is  too  deeply  covered  by  drift  to  be  seen  in 
the  northern  part  of  Jasper  County,  in  the  southern  portion  there  are 
several  places  where  it  out-crops  in  the  beds  or  valleys  of  streams,  or 
comes  within  a  few  feet  of  the  surface  of  the  plains.  The  most  note- 
worthy feature  observed  is  a  chain  of  knolls  where  fine-grained  sand- 
stone (presumably  Knobstone)  is  found  within  two  or  three  feet  of 
the  surface.  This  thinly  glaciated  remnant  of  a  ridge  extends  along  a 
line  passing  through  Fountain  Park  and  Pleasant  Ridge.  Our  observa- 
tions of  dark  shale  in  the  southeastern  corner  of  the  county  and  lime- 
stone around  Rensselaer  simply  checks  the  published  maps.  Leverett's 
map  showing  average  depth  of  drift  can  be  improved  by  showing  rock 
at  less  than  25  feet  along  the  Pinkamink,  and  probably  a  slightly  greater 
depth  along  the  Big  Slough. 

The  surface  in  the  northern  third  of  the  county  consists  chiefly 
of  rather  uniform  sandy  lacustrine  deposits.  This  has  been  reworked 
by  wind  into  dunes  of  uniform  fine  sand.  The  broad  dune  belts  tend  to 
parallel  the  Kankakee,  with  marshy  flats  between.  The  main  axes  of 
individual  dunes  generally  point  slightly  east  of  north,  with  steep  faces 
on  the  northeast,  east  and  southeast  of  a  crescent-shaped  border,  but 
with  gently  sloping,  irregularly  tongued  edges  on  the  west.  Some  dunes 
reach  an  estimated  height  of  50  feet.  In  places  the  plains  are  dotted 
with  small  distinct,  oval  sand  mounds.  There  are  no  deep  depressions 
or  channels  in  this  section,  and  no  distinct  beaches  anywhere  in  the 
county  comparable  to  those  of  Glacial  Lake  Chicago  in  northern  Lake 
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County.  Conditions  in  Milroy  Township  are  much  like  those  in  the 
northern  part  of  the  county. 

The  terminal  moraines  north  of  Rensselaer  were  found  as  mapped 
by  Leverett  except  for  details.  The  northeastern  extension  becomes  dis- 
jointed and  indistinct  as  it  nears  the  Pulaski  County  line. 

The  belt  of  ground  moraine  just  north  of  the  terminal  moraines  is 
mild  in  relief,  but  pitted  with  a  myriad  of  tiny  depressions  and  trav- 
ersed by  several  distinct  glacial  drainage  channels.  While  the  till  is 
composed  largely  of  clays,  it  is  evident  that  the  surface  has  been  in- 
fluenced by  sands  drifting  from  the  sandy  marsh  lands.  Along  this 
border  the  till  seems  to  sink  gradually  below  the  lacustrine  deposits 
which  were  carried  by  water  which  filled  swales  between  low  till  knolls. 
The  same  sands  even  covered  some  of  the  higher  till  through  the  action 
of  creeping  dunes  which  in  effect  extended  the  laked  area.  In  this  same 
transitional  zone  are  found  the  largest  and  most  numerous  muck  areas 
representing  extinct  lakes  or  marshes  which  were  artificially  drained. 
The  Newland  Marsh  occupies  a  comparatively  deep  basin  which  seems 
to  have  had  two  outlets  through  the  moraine  to  the  south.  The  eastern 
outlet  may  have  discharged  waters  towards  the  Monon  Creek  in  Pulaski 
County  while  the  western  gap  is  followed  by  the  Pinkamink.  There  is 
also  a  distinct  glacial  channel  along  the  Iroquois  River  like  the  one 
shown   by  Leverett  along   Curtis   Creek. 

A  belt  about  four  miles  wide  across  the  south  end  of  Jasper  County 
consists  of  smooth  ground  moraine  composed  of  heavy,  sand-free  mate- 
rials, but  bounded  on  the  north  by  a  more  or  less  continuous  low  sandy 
belt.  This  sand  ridge  was  mapped  as  a  beach,  with  lake  clays  north  of 
it  along  the  Newton  County  line  and  sandier  lake  deposits  extending 
north  to  a  ridge  south  of  Rensselaer  which  is  also  mapped  as  a  beach. 
The  lake  clays  are  not  very  accurately  located  on  Leverett's  map  as  the 
southeastern  point  is  quite  sandy,  and  the  clays  extend  up  to  Iroquois 
Valley  at  least  to  Rensselaer,  and  are  even  found  south  of  the  moraine 
almost  to  Francesville.  Throughout  Leverett's  "ground  moraine"  east 
of  Rensselaer  there  are  some  boulders  and  "till-billow"  topography,  but 
there  is  much  evidence  of  assortment  and  stratification,  as  well  as  topog- 
raphy suggesting  lake  beds.  Some  knolls  of  till  or  of  thinly  covered 
bed  rock  rise  from  the  plain,  as  is  the  case  at  Pleasant  Ridge.  There 
are  old  abandoned  channels  to  show  where  the  Pinkamink  and  Iroquois 
have  meandered  over  the  face  of  this  plain. 

The  "beach"  ridge  passing  south  of  Rensselaer  towards  McCoys- 
burg  resembles  an  esker  at  least  in  its  western  development.  Here 
several  gravel  pits  show  irregularly  assorted  and  stratified  gravels. 
There  is  also  an  esker-like  chain  of  gravelly  ridges  along  the  glacial 
channel  west  of  Aix.  These  include  the  only  important  gravel  deposits 
observed  in  the  county  although  ditches  through  low  ground  sometimes 
reveal  gravel  pockets. 

In  conclusion  it  may  be  noted  that  Leverett's  description  in  Mono- 
graph LIII  gives  many  details  not  shown  on  his  map.  The  Soil  Survey 
map  of  Jasper  County  should  be  helpful  to  anyone  trying  to  solve  the 
interesting  geological   problems  found  in  this  region. 
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NOTES  ON  THE  RELATION  OF  THE  MT.  CARMEL  AND 

HELTONVILLE  FAULTS  TO  THE  DENNISON 

ANTICLINE. 


Ralph  E.  Esarey,  Indiana  University. 

The  area  under  discussion  is  located  in  townships  four  and  five 
north,  ranges  one  and  two  east,  Lawrence  and  Jackson  counties,  In- 
diana. The  small  town  of  Leesville  occupies  the  geographical  center  of 
the  region.  Most  of  it  lies  in  eastern  Lawrence  County,  with  but  a 
narrow  strip  of  Jackson  County  included. 

Geography. — The  country  is  rough  and  hilly,  being  in  many  areas 
entirely  unsuited  to  agriculture.  Farming  and  lumbering  on  a  small 
scale  are  the  main  occupations.  The  hillsides  are  generally  too  steep 
for  cultivation  or  even  pasture  lands  as  they  are  soon  depleted  of  soil 
if  cleared.  The  tops  of  the  hills  are  more  adapted  to  growing  crops, 
especially  if  capped  with  limestone.  The  flat,  narrow  valleys  of  the 
Knobstone  shales  furnish  the  best  lands  for  cultivation,  however. 

Physiography. — The  greater  part  of  the  territory  lies  in  the  Nor- 
man Upland,  a  physiographic  division  of  Indiana  extending  northward 
from  the  Ohio  River  to  the  glaciated  area  which  is  contained  within  the 
areal  outcrop  of  the  Knobstone  formation.  The  topography  in  general 
is  that  of  the  Norman  physiographic  division  except  where  modified  by 
special  structural  conditions  connected  with  faulting  and  its  concomi- 
tants. This  type  of  topography  as  described  by  Dr.  Malott  is  as  fol- 
lows: 

"Everywhere  it  is  maturely  dissected  by  stream  action.  The  long 
sharp  ridges  are  the  reverse  of  the  deep  stream  trenches.  The  dis- 
section has  reached  that  degree  where  the  amount  of  material  left  in 
the  divides  and  ridges  is  about  equivalent  to  the  amount  that  has  been 
carried  away  by  erosion  in  the  carving  out  of  the  valleys  between  the 
ridges.  Everywhere  steep  slopes  exist  with  rarely  a  bluff.  The  valleys 
have  the  same  general  shape  and  the  same  depth  where  they  are  of 
equal  size;  the  shapes  are  monotonously  alike.  The  valleys  descend 
sharply  and  deeply  to  near  their  local  base  level  and  then  become  flat- 
bottomed  areas  flanked  by  steep  ascents,  but  never  by  bluffs.  The  val- 
leys are  always  V-shaped  where  they  have  not  reached  their  local  base 
levels.  No  waterfalls  of  any  consequence  exist.  The  Norman  Upland 
is  known  for  its  symmetry  of  drainage  lines.  The  perfection  of  de- 
velopment is  largely  due  to  the  mature  stage  of  the  erosion  cycle  in  an 
area  of  considerable  relief  and  the  symmetry  results  from  stream  de- 
velopment in  rocks  of  uniform  structure  and  lithology."1. 

However,  there  is  an  outstanding  departure  from  this  type  of  to- 
pography  entirely   within   the   limits   of  the   outcrop   of   the   Knobstone 

1  Indiana  Handbook   of  Geology,   Part  II,   pp.   9:3-94.      Physiography  of   Indiana. 
"Proc.  Ind.  Acad.  Sci.,  vol.  34,  1924    (1925)." 
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rocks.  On  the  west  or  downthrow  side  of  the  Mt.  Carmel  fault  is  a 
limestone  strip  varying  in  width  from  a  mile  to  two  miles  and  extending 
north  from  this  region  into  Monroe  County  and  south  as  far  as  White 
River.  It  is  a  portion  of  the  Harrodsburg  limestone,  the  main  body  of 
which  now  outcrops  farther  to  the  west,  and  which  at  one  time  covered 
this  entire  region.  It  has  been  protected  from  erosion  by  its  low  eleva- 
tion subsequent  to  the  time  of  faulting.  Upon  this  strip  the  topography 
and  drainage  are  similar  to  that  of  a  limestone  plain,  in  direct  contrast 
to  the  Norman  Upland  type.  Drainage  is  largely  of  the  subterranean 
type,  as  only  a  few  shallow  stream  channels  have  been  cut  upon  the 
resistant  limestone.  The  surface  is  gently  rolling,  with  much  less  re- 
lief. Sinkholes  compose  the  most  conspicuous  surface  features,  although 
they  are  not  extensively  developed.  The  major  streams  have  left  the 
resistant  limestone  area  and  have  intrenched  themselves  in  the  softer 
shales  upon  either  side. 

Drainage. — The  East  Fork  of  White  River,  which  flows  in  a  west- 
wardly  direction  immediately  to  the  south,  receives  directly  or  indirectly 
the  drainage  of  the  whole  area.  Guthrie,  Leatherwood  and  Little  Salt 
creeks,  all  tributaries  of  White  River,  constitute  the  primary  drainage 
channels. 

The  region  is  generally  well  drained,  there  being  little  if  any 
swampy  or  marsh  lands  present.  The  streams  are  rapid  and  flow  over 
bed  rock  throughout  most  of  their  courses.  A  number  of  small  water- 
falls are  developed  where  the  more  resistant  Harrodsburg  limestone 
overlies  the  soft  shales  and  sandstones  of  the  Knobstone,  the  falls  oc- 
curring at  the   contact  of  these   two  formations. 

Stratigraphy. — The  Osagian  and  Meramecian  divisions  of  the  Mis- 
sissippian  include  all  of  the  rocks  of  this  area  appearing  at  the  sur- 
face. The  Borden,  locaily  called  Knobstone,  is  the  lowest  division  pres- 
ent and  occupies  the  eastern  half  of  the  territory.  It  consists  of  sandy 
shales,  sandstones  and  thin  limestones,  with  an  average  thickness  of  500 
feet,  and,  according  to  well  records,  totals  more  than  600  feet  in  places. 
The  Borden  has  been  divided  into  the  New  Providence,  the  Kenwood, 
the  Rosewood  and  the  Holtsclaw  series. 

The  Warsaw  or  Harrodsburg  limestone  overlies  conformably  the 
Borden  formation  and  comprises  the  highest  member  of  the  Osage.  It 
is  in  the  main  a  thin-bedded,  highly  fossiliferous  limestone,  of  a  coarse 
crystalline  structure  with  a  characteristic  geode  layer  at  its  base.  It 
varies  from  60  to  90  feet  in  thickness  and  outcrops  in  the  central  and 
western  portions  of  the  territory  under  discussion. 

The  Salem  limestone,  the  lowest  member  of  the  Meramecian,  is 
present  in  only  the  extreme  western  and  southwestern  edge  of  the  area. 

A  number  of  wells  drilled  in  this  vicinity  show  the  existing  stratig- 
raphy beneath  the  outcropping  rocks.  The  section  in  a  general  way  is 
as  follows: 

Rockford  limestone — basal  member  of  the  Osage,  correlating  with 
the  Kinderhookian ;  thickness  four  feet. 

New  Albany  shale — Devonian  in  age;  a  brownish  black  oil  shale; 
124  feet  in  thickness  at  this  point. 
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Below  these  two  formations  is  revealed  a  long  series  of  thin  lime- 
stones, shales  and  sandstones  making  up  the  remainder  of  the  Devonian, 
all  of  the  Silurian  which  happens  to  be  present  and  part  of  the 
Ordovician. 

The  so-called  Trenton  limestone  of  Ordovician  age,  a  horizon  some- 
times productive  of  oil  and  gas,  was  reached  at  approximately  1,700 
feet  below  the  surface  in  one  well.  No  deeper  wells  have  been  drilled  in 
this  vicinity. 

Structural  Conditions. — The  abnormal  structural  conditions  of  the 
outcropping  and  sub-surface  rocks  of  this  region  are  clue  primarily  to 
faulting  and  its  accompanying  features.  The  Mt.  Carmel  fault  which 
lies  one-half  mile  east  of  Leesville  and  extends  in  a  general  north-south 
direction,  is  the  largest  contributing  factor.  The  Heltonville  fault, 
which  is  a  mile  west  of  the  Mt.  Carmel  fault  and  roughly  parallel  to 
it,  is  not  of  such  magnitude,  but  is  responsible  to  some  degree  for  the 
structural  conditions. 

Folding,  with  probably  slight  fracturing  has  occurred  a  few  miles 
west  of  the  major  fault  as  a  result  of  the  downthrow  on  that  side. 
Some  crumpling  and  brecciation  are  visible  along  the  immediate  plane 
of  the  fault. 

The  Mt.  Carmel  Fault.— The  Mt.  Carmel  Fault2  appears  to  be  a 
normal  or  gravity  fault  with  the  downthrow  side  to  the  west.  It  runs 
north  by  northwest;  to  be  exact,  ten  degrees  west  of  north.  Here  the 
fault  lies  for  the  most  part  within  the  areal  outcrop  of  the  Borden 
series,  thus  making  it  difficult  to  trace  for  any  great  distance.  Outcrops 
and  exposures,  by  which  the  fault  line  can  be  exactly  located,  are  few 
and  wide  apart.  Between  these  the  line  is  covered  with  mantle  rock 
and  its  approximate  location  only  is  determinable. 

The  throw  or  vertical  displacement  of  the  strata  at  Leesville  is 
about  200  feet,  if  the  Harrodsburg  limestone  may  be  assumed  to  have 
had  a  normal  dip  prior  to  the  disturbance.  At  no  place  has  the  writer 
found  the  heave  or  horizontal  displacement  to  be  of  any  magnitude.  The 
fault  is  practically  sealed  at  Heltonville.  Near  Leesville  a  displace- 
ment of  less  than  ten  feet  has  occurred.  South  of  Ft.  Ritner,  across 
White  River,  the  Salem  limestone  abutts  directly  against  the  Borden 
shales. 

The  hade  or  inclination  of  the  fault  plane  from  the  vertical,  cannot 
be  determined  from  the  exposures  found.  It  may  be  either  a  normal 
or  a  reverse  fault,  but  since  it  is  from  the  inclination  of  the  fault  plane 
that  the  name  is  derived,  this  fault  cannot  be  classified  as  yet. 

One-half  mile  east  of  Leesville  in  section  23  along  Guthrie  Creek  is 
a  brecciated  zone  which  includes  the  actual  fault  plane.  The  zone  of 
shear  is  50  to  60  feet  wide,  showing  the  effects  of  faulting  upon  in- 
competent sandy  shales.  Some  of  the  broken  material  has  been  re- 
cemented  by  the  filling  of  the  cracks  and  crevices  with  calcite.  In  turn 
these  re-cemented  rocks  have  been  fractured,  manifesting  two  distinct 
periods    of   uplift.      Inter-penetration    of    the   shales    with    the    abutting 

2  Petroleum  and  Natural   Gas   in   Indiana,   by   W.   N.   Logan,   pp.   58-62. 
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limestones  has  occurred  east  of  Heltonville  along  Leatherwood  Creek  at 
the  fault  line.  The  brecciated  zone  is  here  only  five  to  ten  feet  in 
width. 

A  retorsal,  or  dragging  of  the  strata  on  the  downthrow  side,  is 
present  along  much  of  the  fracture.  Where  the  fault  line  cuts  through 
the  Borden  series  a  zone  of  shattering  and  crumpling  usually  exists  in- 
stead, due  to  the  character  of  this  formation. 

Heltonville  Fault. — About  one  mile  west  of  the  Mt.  Carmel  fault, 
in  the  southeast  edge  of  the  town  of  Heltonville,  evidences  of  another 
fracture  are  found.  It  has  been  named  the  Heltonville  fault  by  Dr. 
Logan.3  Here  the  limestone  on  the  west  has  been  faulted  against  the 
Knobstone.  Slight  brecciation  and  dove-tailed  inter-penetration  has 
occurred,  the  limestone  being  thrust  into  the  softer  shale.  This  fault 
is  traceable  for  only  a  short  distance  both  north  and  south.  It  appears 
to  parallel  the  Mt.  Carmel  fault.  Dr.  Logan  suggests  that  this  fracture 
changes  into  a  fold;  and  there  are  indications  of  this  a  few  miles  south 
of  Heltonville.     The  minimum  amount  of  displacement  is  about  100  feet. 

The  area  between  these  faults  may  be  a  single  block  of  limestone 
and  shale,  titled  to  the  east,  producing  a  graben  or  rift  valley.  Again 
a  scissors  fault  may  be  responsible  for  the  structural  irregularities 
here. 

The  Dennison  Anticline. — The  Mt.  Carmel  fault  has  caused  a  down- 
ward displacement  of  the  rock  strata  of  about  200  feet,  thus  reversing 
the  normal  dip  of  the  rocks  on  the  west  side  of  the  fault.  Therefore,  in 
order  to  allow  the  rocks  to  dip  to  the  east  toward  the  fault  line,  folding 
or  fracturing,  or  both,  must  have  occurred  somewhere  west  of  the  actual 
break.  As  a  matter  of  fact  folding  accompanied  by  slight  fracturing  has 
actually  resulted  approximately  two  miles  west  of  the  fault.  The  fold, 
where  the  dip  changes  from  the  east  to  the  southwest,  or  back  to  normal, 
roughly  parallels  the  Mt.  Carmel  fault  throughout  its  entirety. 

The  course  of  the  fault  line  changes  its  direction  somewhat  radically 
in  section  23,  just  east  of  Leesville.  This  abrupt  turn  from  a  south- 
east direction  to  almost  directly  south,  amounting  to  20  degrees  or  more, 
causes  a  similar  deflection  in  the  fold  two  miles  to  the  west.  As  a  result 
the  rocks  dip  away  from  the  turn  in  the  fold  in  all  directions  except 
due  northwest,  where  they  are  prevented  from  so  doing  by  the  contin- 
uation of  the  fold.  The  crest  of  the  anticline  is  in  section  29,  near  the 
Dennison  schoolhouse,  from  which  it  has  derived  its  name.  The  struc- 
ture covers  approximately  36  square  miles  in  areal  extent  and  is  semi- 
elliptic  in  shape,  the  long  axis  extending  in  a  general  north-south  direc- 
tion. To  the  northwest  the  fold  continues  parallel  to  the  fault,  pre- 
venting complete  closure  of  the  contour  lines  in  that  direction. 

From  the  Dennison  school  the  dip  of  the  rocks  to  the  east  toward 
the  fracture  amounts  to  over  100  feet  per  mile,  this  being  the  steepest 
part  of  the  anticline.  The  dip  to  the  south  is  about  60  feet  per  mile, 
while  that  to  the  west  is  even  more  gradual,  averaging  45  feet.  The 
structure    gradually   flattens    out   to    the    south    and    west   as    the    rocks 

3  Loc.  cit.,  pp.  59-60. 
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return  to  their  normal  inclination.  The  total  amount  of  reversal  of 
dip  is  near  200  feet,  and  would  be,  of  course,  the  same  as  the  throw  of 
the  Mt.  Carmel  fault,  if  there  are  no  fractures  accompanying  the  folding. 

Exploitation. — The  Dennison  Anticline  is  of  sufficient  size  and  extent 
to  serve  as  a  collecting  structure  for  oil  and  gas.  This  fact  was  ascer- 
tained a  number  of  years  ago  and  as  a  consequence  six  wells  have  been 
drilled  upon  the  structure. 

The  horizons  productive  of  oil  and  gas  in  this  vicinity  are  the  Devon- 
ian and  the  Trenton  limestones,  the  last  named  being  a  sanely  dolomite 
in  the  Ordovician,  productive  of  petroleum  throughout  much  of  the 
state.  The  former  sand,  sometimes  called  the  Corniferous,  is  reached 
at  about  650  feet  from  the  surface  and  the  Trenton  at  about  1,700  feet. 

The  anticline  has  been  rather  thoroughly  tested  for  oil  and  gas 
as  deeply  as  the  Devonian  sands.  W.  H.  Weitknecht  and  Company  has 
drilled  four  wells  on  the  Dennison  structure,  located  in  sections  3,  4, 
28  and  33  respectively.  Some  gas  was  obtained  in  each  of  them  along 
with  a  showing  of  oil.  The  wells  were  not  continued  to  the  Trenton 
sand,  being  subsequently  abandoned  and  plugged. 

Mr.  Claude  Malott  drilled  two  wells  to  the  Corniferous  sands  on  the 
Beavens  and  Zollman  farms  in  sections  5  and  36  respectively.  A  small 
amount  of  gas  accompanied  by  a  showing  of  oil  was  found,  but  neither  in 
commercial  quantities. 
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IDENTIFICATION  OF  TWO  FOSSIL  LEAVES  FROM  IOWA, 

ONE  FROM  ARIZONA  AND  A  "TREE  TRUNK" 

FROM  KANSAS. 


Albert  B.  Reagan,  Cornfields,  Ganado,  Arizona. 

The  Stanford  collection  contains  two  willow  leaves  from  Iowa  and  a 
"tree  trunk"  from  Kansas  that  were  collected  by  Orestes  St.  John  in 
1901,  and  a  fossil  leaf  from  Steamboat,  Arizona,  that  was  collected  by 
the  writer.     These  are  described  below. 

Salix  siouxiana  Knowlton  and   Cockerell. 

Salix  siouxiana  Knowlton  and  Cockrell,  U.  S.  Geol.  Surv.,  Bull. 
696,  p.   571. 

Salix  cimeata  Newberry,  N.  Y.  Lye.  Nat.  Hist.,  Ann.,  vol.  9,  1868, 
p.  21;  U.  S.  Geol.  Surv.,  Mon.  35,  1898,  p.  55,  pi.  2,  f.  1,  2— Hollick, 
idem,  Mon.  50,  1906,  p.  50,  pi.  7,  f.  26,  27;  pi.  8,  f.  7.  (Homanym,  Nut- 
tall,  1865.) 

Salix  meekeii  Newberry  (Lesquereaux) ,  U.  S.  Geol.  and  Geog.  Surv. 
Terr.,  111.  Cret.  and  Tert.  PL,  1878,  pi.  1,  f.  1    (f.  2  is  Populus  cuneata.) 

The  two  willow  leaves,  (fig  1,  a,  and  6),  prove  to  be  of  the  species 
above.  Figure  la  is  from  Quarry  Rock,  Bruguiere  Bluff,  Woodberry 
County,  Iowa,  and  b  is  from  Sioux  City,  Iowa.  The  former  has  no  age 
given.  The  latter  is  labelled  "Cretaceous."  The  rock  in  which  each  is 
embedded  is  a  greyish,  hard  sandstone,  containing  shiny  mica  flakes, 
the  rock  in  each  case  being  of  the  same  character  and  apparently  of 
the  same  age,  looking  every  whit  like  they  had  been  taken  from  the 
same  ledge.     The  leaves  are  evidently  Dakota  Cretaceous  in  age. 

The  specimen  from  Bruguiere  Bluff  is  the  smallest  leaf,  evidently 
being  less  mature.  It  is  9  cm.  long  and  12  mm.  wide  at  its  widest  point. 
The  leaf  from  Sioux  City  is  12.5  cm.  long  and  2.25  cm.  wide  at  its 
greatest  width. 

The  leaves  are  short  petioled,  entire  elongate,  acute  at  both  ends, 
broadest  toward  the  apex,  gradually  narrowed  below  to  the  base; 
medial  nerve  distinct;  secondary  nerves  not  preserved. 

Nilso?iia  steamboatea,  n.  s. 

The  fossil  leaf  from  Steamboat,  Arizona,  (fig.  lc)  is  classified  as 
above.  It  is  entire  and  somewhat  heart-shaped,  but  with  an  almost 
straight  base.  It  is  8  cm.  wide  and  about  the  same  in  total  height.  The 
leaf  substance  is  rather  thick.  The  mid-nerve  is  moderately  strong, 
from  which  the  lateral  nerves  go  off  at  right  angles.  The  latter  are 
fine,  simple,  parallel  and  numerous,  but  a  little  variable  in  thickness, 
some  being  slightly  "heavier"  than  others,  There  are  also  some  obscure 
cross  veins,  especially  near  the  margin. 

Position  and  Locality:  Cretaceous  (Dakota)  from  Steamboat  Can- 
yon, 18  miles  west  of  Ganado,  Arizona. 
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Stigmaria  ficoides  Brongniart? 

The  "tree  trunk"  specimen  (fig.  Id)  before  me  from  Kansas  re- 
sembles Stigmaria  elliptica  Lesquereux1  from  the  shales  over  the  main 
coal  at  Duquoin,  Illinois,  and  also  Stigmaria  ficoides  Brongniart  (Fic- 
oides major  Artis),  figured  by  Mantell"  from  a  sandstone  quarry  near 
Rotherham,   Yorkshire,   England,   of   Coalmeasure  age. 

It  differs  from  the  former  in  being  a  larger  specimen  and  less 
compressed,  in  its  cicatrices  being  more  numerous,  larger  and  propor- 
tionately wider,  in   the  mammillae  being  larger,   and   in   the  pits  being 


i    1 


X 


Fig.  1,  a  and  b,  Salix  siouxiana  Knowlton,  a  from  Quarry  Rock,  Bruguiere  Bluff, 
Woodberry  County,  Iowa,  and  b  from  Sioux  City,  Iowa  ;  c,  Nilsonia  stcamboatca,  n.  sp., 
from  Steamboat  Canyon,  18  miles  west  of  Ganado,  Arizona  ;  d,  Stigmaria  ficoides  Brong- 
niart?,  from   Coal   Measures  series,   Calhoon   Bluff,   Topeka,   Kansas. 


deeper  and  the  separating  "ridges"  being  more  prominent.  It  also  dif- 
fers from  the  latter  by  its  tubercles  not  being  quite  so  oval  and  in  same 
being  arranged  in  a  regular  spiral  quaternate  order.  In  all  respects, 
however,  it  favors  it  more  than  it  does  S.  elliptica.  Moreover,  it  fits 
neither  the  figures  nor  descriptions  of  S.  ficoides  as  are  generally  given 
for  that  genus  or  its  varieties. 

Stem  thick,  7  inches  broad,  and  the  thickness  of  the  half  stem  pre- 
served is  flattened  to  3*4  inches;  cicatrices  (tubercles)  placed  in  regular 
spiral  quaternate  order;  oval-elliptical,  more  or  less  elongated,  somewhat 
compressed,  longitudinally  furrowed  at  the  top  with  a  pit  in  the  furrow, 
with  a  central  roundish-elongated,  small  mammilla.  The  specimen  shows 
the  hollow  of  a  "pith"  center  nearly  two  inches  in  diameter. 

Position  and  Location:  Coal  Measures  Series?  Calhoon  Bluff,  To- 
peka, Kansas.     Specimen  collected  by  Orestes  St.  John. 

If  this  should  prove  to  be  a  new  species,  the  writer  would  suggest 
that  it  be  named  Stigmaria,  saintjohnii,  after  its  collector. 


1  Lesquereux,   Leo;   Geol.   Surv.,   111.    (Geol.  and  Pal.)    vol. 
f.    2. 

2  Mantell,    Gideon    Algernon,    LL.D.,    F.    R.    S. 
London,    1850,    p.    63,    pi.   33. 


1870,   pp.   451-452,    pi.   29, 
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VARIATIONS    AMONG    INDIANA    COUNTIES    IN    LAND 
VALUES  AND  ROADS. 


Stephen  S.  Visher,  Indiana  University. 

There  was  an  average  increase  of  $72.40  per  acre  or  203  per  cent 
in  the  value  of  farm  land  alone  (not  including  buildings)  between  the 
census  of  1900  and  that  of  1920.  But  this  increase  was  by  no  means 
uniformly  distributed  over  the  state.  Figure  1  shows  the  percentage 
of  increases.  The  eight  counties  in  black  had  greater  than  a  300  per 
cent  increase,  the  next  darkest  counties  increased  250  to  300  per  cent; 
most  of  the  counties  increased  150  per  cent  to  250  per  cent  while  the 
14  white  counties  increased  less  than  150  per  cent. 

The  counties  making  the  greatest  increases  are  among  the  best 
farm  lands  in  the  state,  and  those  making  an  increase  of  250  to  300  per 
cent  are  also  mostly  in  the  almost  level  glacial  plain  of  the  north-central 
part  of  the  state.1 

However,  two  southern  counties,  Scott  and  Spencer,  made  an  in- 
crease of  250  to  300  per  cent.  Extensive  draining  was  carried  on  in 
Scott  County  during  these  20  years,  raising  the  average  value  of  the 
land  notably.  Spencer  County's  exceptional  increase,  as  well  as  the 
increase  of  certain  other  southern  counties,  reflects  very  low  valua- 
tions in  1900,  the  average  value  of  land  in  Spencer  County  being  only 
$16  per  acre  in  1900  and  $57  in  1920. 

The  fourteen  counties  which  had  an  increase  between  1900  and  1920 
of  less  than  150  per  cent  in  the  value  of  farm  land  alone  are  all  in  the 
southern  part  of  the  state,  except  St.  Joseph  and  Steuben  counties  in 
the  extreme  north.  Most  of  these  counties  contain  much  rough  land, 
poor  roads,  and  a  large  percentage  of  unprogressive  people. 

The  actual  increases  in  the  value  of  farm  land  alone  between  the 
1890  and  the  1920  censuses  likewise  reveal  a  sharp  contrast  between 
the  better  and  the  poorer  parts  of  the  state.  Six  counties  experienced 
an  average  increase  of  over  $120  per  acre  in  that  30-year  period  and  26 
counties  increased  $90  to  $120  per  acre.  On  the  other  hand,  21  counties 
increased  less  than  $30  per  acre,  and  19  from  $30  to  $60.  All  of  those 
which  showed  an  increase  of  less  than  $30  per  acre  are  in  the  southern 
part  of  the  state,  most  of  them  in  the  unglaciated  portion,  or  in  the 
rougher  tracts  along  the  Ohio  River.  In  the  northern  part  of  the  state, 
also,  the  roughest  land  made  the  least  increase. 

These  facts  clearly  indicate  that  the  low-priced  land  has  not  been 
the  best  land  investment  during  this  period,  for  it  has  increased  far  less 
per  acre  and  notably  less  in  per  cent  than  the  high  priced  land  of  the 

1  Maps  showing-  the  average  value  of  farm  land  per  acre  in  1920,  the  variation  in 
taxables  per  average  square  mile,  and  the  relative  areas  of  waste  land  may  be  found 
in  the  author's  paper  in  the  1923  Proceedings  of  the  Indiana  Academy  of  Science  and 
in   the   Economic   Geography   of   Indiana    (Appletons,    N.    Y.,    1923). 


"Proc.  Ind.   Acad.   Sci.,  vol.  34,  1924    (1925)." 
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more  level  counties  of  the  north-central  part  of  the  state,  with  their 
deep  soil,  excellent  transportation  and  thriving  cities.  Furthermore, 
cheap  land  seldom  can  be  rented  as  advantageously  as  good  land  can, 
and  unfortunately,  is  taxed  more  heavily  in  proportion  to  value. 


Fig'.  1.  Percentage  of  increases  in  farm  land  values  alone  between  the  1900  and 
1920  censuses.  Legend:  Black,  over  300  per  cent;  dark,  250  to  300  per  cent;  light,  150 
to   250   per   cent;   white,   less   than    150    per   cent. 

Fig.  2.  Ratio  between  value  of  "land"  and  "lots"  (both  without  improvements)  by 
counties,  1921  (calculated  from  State  Auditor's  Report  in  1922  Year  Book).  Legend: 
Black,  lots  more  valuable  than  land,  or  about  equal  ;  widest  lines,  land  2  to  7  times 
va'ue  of  lots  ;  diagonal  lines,  land  7  to  15  times  lots  ;  lightest  lines,  land  15-25  ;  white, 
land   25   or   more  times   the  value   of  lots. 


Comparative  Value  of  "Land"  and  "Lots." — Figure  2  shows  the 
ratio  between  the  value  of  "land"  and  "lots",  both  without  improvements, 
according  to  calculations  made  from  the  State  Auditor's  Report  in  the 
1922  Official  Year  Book. 

In  the  seven  black  counties,  the  "lots"  are  more  valuable  than  the 
"land",  or  else  about  equal.  These  counties  contain  large  cities  with 
the  exception  of  Steuben  County,  which  contains  many  valuable  lots 
along  the  shores  of  its  several  popular  summer  resort  lakes. 

The  counties  with  the  next  shade  reported  their  land  worth  two  to 
seven  times  as  much  as  their  lots.  These  counties  contain  most  of  the 
remaining  sizable  cities  of  the  state.  The  15  white  counties,  on  the  other 
hand,  assess  their  lots  at  less  than  one  twenty-fifth  as  much  as  their 
land.  These  counties  are  almost  strictly  rural  or  else  have  farm  land 
of  great  value  and  only  small  cities.  The  lightest  shaded  counties  re- 
port their  land  worth  from  15  to  25  times  as  much  as  their  lots.  Most 
of  these  counties  are  predominantly  rural,  but  in  many  of  them  the 
farm  land  has  a  low  average  value.     This  map  (figure  2)   suggests  in  a 
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novel  way  the  relative  importance  of  the  farmer  and  the  city  dweller 
in  the  payment  of  taxes  and  also  some  geographic  variations  in  this 
ratio. 

Roads. — Everyone  who  has  travelled  about  Indiana  knows  that  there 
are  marked  regional  differences  in  the  improved  roads  per  unit  area. 
Figure  3  shows  some  of  these  differences.  It  shows  the  miles  of  im- 
proved road  (gravel,  stone  or  paved)  per  100  miles  of  area.  It  is  based 
on  the  mileage  of  state  roads  given  in  the  1922  Official  Year  Book 
divided  into  the  area  of  each  county.  The  ten  black  counties  had  over 
13  miles  of  such  roads  per  average  100  square  miles.  The  counties  of 
next  darkest  shade  had  from  10  to  13  miles,  or  somewhat  more  than 
enough  to  cross  the  area,   10  miles  of  road  being  required  to   cross   a 


Fi.t>-.  3.  Variations  amon:,'  the  counties  in  miles  of  surfaced  roads  per  100  square 
miles  of  area  (calculated  from  Report  of  State  Highway  Commission,  1923).  Legend: 
Black,  over  13  miles;  widest  lines,  10-13  miles;  next,  8-10  miles;  lightest  lines,  6-8  miles; 
white,    3-6   miles. 

Fig.  4.  Variations  among  the  counties  in  miles  of  surfaced  roads  per  $1,000,000  of 
taxables  according  to  1922  assessments  (calculated  from  Official  Year  Book  for  1922). 
Legend:  Black,  over  1.5  miles;  widest  lines,  1.1  to  1.5  miles;  next,  .8-1.1;  light,  .5-. 8  ; 
white,    .1-.5. 

square  10  miles  on  a  side.  These  counties  have  good  roads,  on  the 
average.  Several  of  them  contain  large  cities  or  are  where  the  roads 
leading  to  Indianapolis,  Chicago  or  Cincinnati  converge.  Others  are  in 
areas  where  gravel  or  limestone  are  readily  available. 

At  the  other  extreme,  the  12  white  counties  in  figure  3  have  only 
from  three  to  six  miles  of  improved  state  roads  per  average  100  square 
miles  of  area,  and  the  counties  shaded  lightest  have  from  six  to  eight. 
These  counties  with  relatively  few  miles  of  surfaced  roads  are  largely 
in  the  southern  half  of  the  state-,  all  but  four  of  the  white  counties  being 
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close  to  the   Ohio  River.     Most  of  them  have  much  land  of  relatively 
little  value.     Almost  none  of  them  increased  exceptionally  in  land  values. 

Although  southern  Indiana  shows  up  badly  in  respect  to  the  mileage 
of  improved  roads  (fig.  3),  figure  4  shows  that  the  counties  in  which 
the  most  money  is  being  spent,  in  proportion  to  the  taxables  in  the 
counties,  are  almost  all  in  southern  Indiana.  The  13  black  counties  in 
figure  4  have  over  1.5  mile  of  surfaced  road  per  $1,000,000  of  taxables, 
whereas  the  20  white  counties  have  less  than  one-tenth  as  much.  A 
comparison  of  figures  3  and  4  indicates  that  most  of  the  counties  with 
a  relatively  large  mileage  of  surfaced  roads  have  been  able  to  build 
them  easily,  because  of  the  great  taxable  wealth  in  their  cities  or  on 
their  productive  farm  land,  compared  with  the  situation  in  most  of 
the  counties  with  relatively  few  miles  of  surfaced  roads.  Thus,  when, 
in  traveling  through  a  poor  county  on  none  too  good  roads,  we  should 
recall  that  the  taxpayers  of  that  county  probably  have  paid  a  far  larger 
portion  of  their  taxes  for  roads  than  is  the  case  in  the  richer,  more 
level  counties  with  good  roads. 

The  mileage  of  surfaced  roads  varies  from  county  to  county  not 
only  with  the  wealth  and  the  topography  or  difficulty  of  road  mainte- 
nance, but  also  conspicuously  with  the  presence  of  local  supplies  of  road 
making  materials,  notably  gravel  and  limestone. 

Most  of  the  counties  in  the  northern  third  of  the  state  possess 
numerous  deposits  of  gravel  and  thus,  except  for  the  roads  having 
especially  heavy  traffic,  most  of  the  roads  are  surfaced  with  gravel. 
Five  counties,  White,  Carroll,  Miami,  Wabash  and  Huntington  of  north- 
ern Indiana,  however,  have  outcrops  of  Niagara  limestone,  mostly  along 
the  upper  Wabash  Valley.  These  counties  have  from  500  to  800  miles 
of  surfaced  roads,  which  is  more  than  the  average  for  the  northern 
third  of  the  state. 

Central  Indiana  likewise  possesses  numerous  deposits  of  gravel, 
especially  along  the  west  fork  of  White  River,  and  also  scattered  out- 
crops of  limestone.  Most  of  the  improved  roads  are  surfaced  with 
gravel,  but  in  Clinton,  Grant,  Madison  and  Putnam  counties  limestone 
is  quarried  and  used  extensively.  This  is  especially  true  in  Putnam 
County  which  has  a  notably  large  mileage  of  stone  roads. 

Southeastern  Indiana  has  some  limestone  and  gravel  deposits  but 
is  below  the  state's  average  in  surfaced  roads.  The  southwestern  coun- 
ties are  nearly  all  poor  in  both  gravel  and  limestone.  This  poverty  in 
materials  helps  explain  the  low  mileage  of  surfaced  roads  in  several 
counties   (less  than  100  miles  in  Pike,  Warrick,  Spencer  and  Crawford). 
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CONTRASTS    AMONG    INDIANA    COUNTIES    IN 
EDUCATIONAL  RESPECTS. 


Stephen   S.  Vishek,  Indiana  University. 

The  following  maps,  except  10  and  11,  are  based  on  the  official 
statistics  tabulated  in  the  report  of  the  Superintendent  of  Public  In- 
struction for  1922  or  1923. *  These  maps  reveal  notable  variations 
among  the  counties  in  several  aspects,  of  great  educational  importance. 
Some  of  these  contrasts  are  related  to  geographic  conditions,  especially 
to  the  ruggedness  of  the  land,  the  fertility  of  the  soil,  and  the  pres- 
ence of,  or  proximity  to  educational  centers.  But  in  respect  to  each  of 
the  topics  mapped,  artificial  conditions  are  apparent.  In  other  words, 
in  many  cases  there  appear  to  be  no  adequate  reasons  why  one  county 
should  rank  so  far  below  a  neighboring  and  similar  county.  These 
maps  were  prepared  as  part  of  the  author's  comprehensive  study  of 
the  geographic  contrasts  in  Indiana.2 

Salaries  Paid. — Figures  1,  2  and  3  deal  with  salaries  paid  teachers 
in  1922-23.  In  the  black  counties  of  figure  1,  from  70  to  94  per  cent  of 
the  elementary  teachers  received  a  salary  of  less  than  $900  per  year, 
while  in  the  white  counties  less  than  25  received  that  small  salary. 
Most  of  the  black  counties  contain  much  poor  land,  and  most  of  the 
white  counties  contain  large  cities.  In  the  numerous  black  counties  of 
the  second  map  (fig.  2)  less  than  1  per  cent  of  the  elementary  teachers 
received  a  salary  of  $1,500  per  year  or  over,  while  in  the  few  white 
counties  (which  contain  the  chief  cities)  from  25  to  73  per  cent  of  the 
teachers  received  $1,500  or  more.  Most  of  the  black  counties  are  either 
rural  or  contain  much  rough  land.  Few  of  them  are  increasing  in  pop- 
ulation; indeed,  most  of  them  contained  fewer  people  in  1920  than  in 
1890.  In  the  black  counties  of  figure  3,  from  0  to  20  per  cent  of  the 
high  school  teachers  received  a  salary  of  $1,500  or  over,  while  in  the 
white  counties  from  80  to  92  per  cent  received  that  much  salary.  Most 
of  the  black  counties  are  in  the  rougher  southern  part  of  the  state, 
but  the  writer  knows  of  no  adequate  reason  why  Fulton,  Vermillion, 
and  Jennings  counties  should  be  black  when  their  neighbors  are  not. 
In  the  intermediate  shades,  also,  there  are  contrasts  apparently  not  due 
to  differences  in  richness. 

Enrollment. — Figures  4  and  5  deal  with  enrollment,  figure  4  show- 
ing the  percentage  of  children  of  school  age  enrolled  in  school  in  1921-22, 

1  Acknowledgment  is  gratefully  made  to  Misses  Eva  J.  Graham  and  Elsie  Pierson  for 
assistance  in  the  numerous  arithmetical  calculations  required  to  obtain  the  percentages 
and  other   numerals   used. 

2  See  several  papers  in  the  Proceedings  of  the  Indiana  Academy  of  Science  ;  The 
Geography  of  Indiana  in  the  Handbook  of  Indiana  Geology,  State  Department  of  Con- 
servation, 1922;  and  especially  the  Economic  Geography  of  Indiana,  D.  Appleton  and 
Company,   New   York,   1923. 

"Proc.  Ind.  Acad.  Sci.,  vol.  34,  1924    (1925)," 
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Fig-.  1 .  Percentage  of  elementary  school 
teachers  receiving  a  salary  of  less  than  $900 
in   1922-23. 
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Fig.  2.  Percentage  of  elementary  school 
teachers  receiving  a  salary  of  $1,500  or  over 
in  1922-23. 
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Fig.    3.      Percentage   of   high   school   teachers 
receiving  a  salary  of  $1,500  or  over  in  1922-2:5. 


Fig.  4.     Percentage  of  children  of  school 
enrolled   in  school   in   1921-22. 
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and  figure  5  the  percentage  of  enrolled  pupils  which  were  in  elementary- 
schools,  the  others  being  enrolled  in  high  school  or  college.  In  the  11 
black  counties  of  figure  4,  only  57  to  69  per  cent  of  the  pupils  of 
school  age  were  enrolled  in  school,  while  in  the  white  counties  more  than 
85  per  cent  were  enrolled.  In  nearly  one-half  of  the  counties  in  the 
state  more  than  one-fourth  of  the  children  of  school  age  are  not  en- 
rolled in  school.  Figure  5  shows  that  less  than  15  per  cent  of  the  pupils 
of  the  extreme   south,  southwest,  and  northwest  counties  were  beyond 


Fig.    5.      Percentage    of    school    children    en- 
rolled   in    elementary   schools   in    1921-22. 


the  elementary  school  in  1921.  Most  of  the  central  counties,  in  contrast, 
had  more  than  one-fifth  of  their  school  children  enrolled  in  high  school. 
But  why  the  dark  counties  there? 

Graduation. — The  percentage  of  the  pupils  graduating  is  very  sig- 
nificant. In  the  black  counties  of  figure  6,  only  4  to  5  per  cent  of  the 
elementary  pupils  graduated  in  1922,  or  less  than  half  as  large  a  per- 
centage as  in  the  white  counties.  This  map  and  figure  4  show  that  many 
of  the  southern  and  northwestern  counties  fall  behind  the  average  of 
the  state,  not  only  in  the  percentage  of  the  children  of  school  age  en- 
rolled in  school,  but  also  in  the  percentage  graduated  from  the  ele- 
mentary schools.  However,  some  of  the  rougher  counties  graduate  a 
very  creditable  percentage  of  their  pupils.  Some  of  the  northern  coun- 
ties which  are  black  in  figure  6  contain  many  foreigners ;  Vanderburgh 
County   has    many   negroes,    and    Vigo    many   miners.      Each    of   these 
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Fig.     6.       Percentage    of     elementary    school 
pupils   who   graduated   in    1922. 
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Fig.    7.      Percentage    of    high    school    pupils 
who  graduated  in  1922. 
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Fig".  8.  Average  per  capita  cost  per  student 
of  elementary  schools,  1921-22.  (From  1922 
Year  Book.) 


Fig.     9.       Average     cost     per     pupil     of    high 
schools,   1921-22.      (From   1922   Year  Book.) 
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classes  have  less  than  the  average  desire  that  their  children  actually 
graduate.  Figure  7,  giving  the  percentage  of  high  school  pupils  gradu- 
ated in  1922,  reflects  among  other  influences  the  opportunities  to  go  into 
factories.  The  counties  having  large  cities  are  all  black,  but  many  of 
the  more  strictly  rural  counties  are  light. 

Per  Capita  Cost  of  Schools. — In  the  black  counties  of  figure  8  the 
average  yearly  cost  per  pupil  in  the  elementary  school  was  only  $23  to 
$39  for  the  year  1921-22.  In  contrast,  the  people  of  the  white  counties 
expended  over  $70  per  year  for  the  education  of  each  pupil  in  their 
elementary  schools.  The  black  counties  of  southwestern  Indiana  include 
some  of  the  poorest,  financially,  in  the  state.     But  why  did  the  people 


Fig.  10.  Ratio  between  students  at  In- 
diana University  (average  of  three  school 
years,  1920-1923)  and  population.  1920. 
Figures  in  legend  are  persons   per   student. 


Fig.  11.  Ratio  between  students  at  Pur- 
due University  (average,  1920-1922)  and 
population,  1920. 


of  the  scattered  black  counties  of  central  Indiana  expend  so  much  less 
than  the  average? 

Figure  9  shows  the  per  capita  expense  in  1921  of  the  education  of 
high  school  pupils.  In  the  white  counties  the  expenditure  was  from  one 
and  one-half  to  over  twice  as  great  as  in  the  black  counties. 

Attendance  at  Purdue  and  Indiana  Universities.— Another  contrast 
among  Indiana  counties  in  educational  activities  is  in  the  percentage  of 
their  population  attending  Purdue  and  Indiana  universities.  Figures 
10  and  11  show  the  ratios  between  the  population,  according  to  the 
1920  census,  and  the  average  attendance  at  these  two  universities  during 
two  or  three  recent  years.    The  counties  in  white  have  one  representative 
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for  each  500  of  population,  while  those  in  black  have  one  representa- 
tive for  each  1,500  or  more.  These  novel  maps  should  correct  several 
common  misconceptions.  For  example:  Figure  10  shows  that  most  of 
the  counties  are  well  represented,  in  proportion  to  population,  at  In- 
diana University.  The  counties  with  the  least  representation  are  mostly 
on  the  borders  of  the  state,  nearer  to  other  strong  institutions.  Other 
geographic  factors  are  transportation  facilities,  wealth,  and  proportion 
of  the  population  engaged  in  agriculture  and  in  industries. 


FURTHER    STUDIES    IN   DEATH    RATES    IN   INDIANA. 


Stephen  S.  Visher,  Indiana  University. 

In  the  Proceedings  for  the  last  meeting  (Vol.  33,  pp.  55-61)  may  be 
found  a  paper  concerning  the  wide  variation  among  Indiana  counties  in 
the  average  death  rates  from  typhoid,  tuberculosis,  cancer  and  in  total 
deaths  with  maps  showing  these  variations,  and  also  with  eight  maps 


Fig.  1.  Pneumonia:  Deaths  per  100,000  persons,  average  of  four  years,  1920-1923 
(calculated  from  unpublished  tables  of  State  Board  of  Health).  Legend:  Black,  over 
115;  wide  lines,   100-115;  diagonal  lines,  90-100;  light  lines,   80-90;  white,  below  80. 

Fig.  2.  Deaths  of  infants  under  one  year,  average  rate  per  1,000  persons  for  the 
three  years  1920-22  (from  Reports  of  State  Board  of  Health).  Legend:  Black,  over  86; 
wide   lines,   74-86  ;   diagonal,    62-74  ;   light,   50-62  ;   white,    38-50. 


showing  the  distribution  of  geographic  conditions  apparently  causally 
related  to  the  irregularities  in  the  distribution  of  death  rates.  A  study 
of  these  eight  maps  will  be  helpful  in  interpreting  the  present  set. 
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From  unpublished  tables  gathered  by  the  State  Board  of  Health, 
the  average  number  of  deaths  per  county  from  measles,  pneumonia  and 
scarlet  fever  for  the  four  years  1920-1923,  inclusive,  were  obtained,  and 
with  the  assistance  of  Lester  H.  Wise  of  Kokomo,  the  average  death 
rates  for  these  diseases  in  each  county  were  calculated  and  mapped. 

Figure  1  shows  the  regional  variation  in  deaths  from  pneumonia,  a 
disease  which  has  caused  an  average  of  3,000  deaths  yearly  in  Indiana, 
during  1920-1923.  The  black  counties  have  an  average  of  60  per  cent 
more  deaths  than  the  white  counties,  the  other  shades  being  inter- 
mediate. Geographic  causes  for  the  distribution  of  these  differences  are 
not  conspicuous  but  counties  having  large  cities  are  mostly  black  or 
the  next  shade,  and  most  of  the  sparsely  settled  counties  are  white  or 
the  next  shade  (see  figure  12  of  the  former  paper).  Some  of  the  poorest 
counties,  however,  are  dark  (see  figures  4  and  7  of  the  former  paper). 
The  counties  which  increased  notably  in  population  between   1890   and 


Fig.  3.  Average  variation  (1920-1922)  among  the  months  in  Indiana  deaths  from 
diphtheria  (Dip.)  (1,600  deaths)  ;  pneumonia  (Pn.)  (9,000  deaths)  ;  influenza  (Inf.) 
(2,000  deaths)  ;  measles  (M.)  (400  deaths)  ;  pulmonary  tuberculosis  (P.  T.)  (7,500 
deaths)  ;   scarlet  fever    (S.    F.)     (430   deaths). 


1920  (figure  10  of  the  1923  paper)  average  conspicuously  darker  than 
the  counties  which  lost  population  or  gained  only  a  little.  However, 
Dearborn  and  Jackson  counties  are  exceptions  to  this  rule.  Most  of  the 
counties  in  which  coal  mining  is  carried  on  extensively  (figure  3,  1923 
paper)  have  a  comparatively  high  death  rate  from  pneumonia,  that 
occupation  apparently  encouraging  this  disease.  The  two  chief  quarry- 
ing counties  are  likewise  black  or  the  next  shade. 

The  variations  among  the  counties  in  the  death  rate  for  infants 
under  one  year  are  shown  on  figure  2  in  which  the  black  counties  had 
an  average,  1920-1922,  of  80  or  more  per  1,000  and  the  white  counties 
about  half  that  rate.  Most  of  the  counties  with  large  cities  are  dark 
or  black,  as  are  also  most  of  the  coal  mining  counties.  On  the  other 
hand,  most  of  the  rural  counties  are  light.     The  lightness  of  the  most 
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sparsely  settled  counties  (see  figure  12  in  the  1923  paper)  is  con- 
spicuous as  is  that  of  most  of  the  poorest  counties.  The  low  death 
rate  of  infants  among  many  of  the  poorest  rural  people  is  probably 
related  to  the  fact  that  most  mothers  in  the  areas  nurse  their  infants, 
and  that  cow's  milk  is  less  likely  to  be  contaminated. 

The  average  variation  among  the  months  in  the  deaths  in  Indiana 
from  these  diseases  and  four  others  are  shown  graphically  in  figure  3. 
Pneumonia  is  strikingly  a  winter  disease;  influenza  reaches  its  maxi- 
mum in  February  (except  during  rare  epidemics  such  as  that  of  Octo- 
ber, 1918,  in  which  it  may  occur  in  any  month).  Pulmonary  tuber- 
culosis decreases  less  conspicuously  in  the  summer  than  pneumonia 
or  influenza,  but  nevertheless  causes  many  more  deaths  in  the  first 
five  months  of  the  year  than  in  the  rest.  These  three  diseases  reflect 
rundown  conditions,  and  are  often  made  fatal  by  exposure  to  extreme 
changes  of  weather  such  as  are  common  in  late  winter.  The  diphtheria 
curve  shows  a  sharp  maximum  in  October  with  a  minimum  from  May 
to  August.  Typhoid  is  high  from  July  to  November,  with  the  maxi- 
mum in  August  and  its  minimum  during  March,  April  and  May.  This 
curve  corresponds  closely  with  that  of  the  abundance  of  house  flies,  im- 
portant carriers  of  typhoid,  and  also  with  the  freshness  of  the  water 
supply.  In  the  late  summer  the  water  supply  is  lowered  by  the  rapid 
evaporation,  whereas  in  the  early  spring  the  abundant  rainfall  and  small 
evaporation  gives  copious  supply,  with  consequent  dilution  of  any  con- 
taminated waters  entering  the  supply,  The  curve  for  measles  and 
scarlet  fever  are  similar  in  being  high  in  the  spring  but  differ  in  that 
scarlet  fever  has  a  minor  maximum  in  the  fall,  when  there  is,  apparently, 
no  danger  from  measles. 
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METHODS    OF   DETERMINING    THE    COMPOSITION    OF 

AMALGAMS. 


M.  G.  Mellon,  Purdue  University. 

While  working-  with  lead  amalgams,  it  became  necessary  to  make 
a  search  of  the  entire  literature  relating  to  the  scientific  study  of 
amalgams  in  order  to  ascertain  what  methods  have  been  used  in  deter- 
mining their  quantitative  composition.  Since  the  titles  and  the  ab- 
stracts of  the  articles  found  rarely  indicated  anything  concerning 
analytical  methods,  the  papers  themselves  had  to  be  read.  It  is  hoped 
this  bibliography  may  save  others  a  similar  expenditure  of  time. 

More  than  850  references  were  found,  of  which  about  75  per  cent 
were  read.  The  remainder  could  not  be  consulted  because  of  inacces- 
sibility, incorrect  statements  of  the  reference,  or  unfamiliar  languages, 
such  as  Russian,  Scandinavian  and  Dutch.  It  is  believed,  however,  that 
the   present   report   is    fairly   complete. 

Although  the  earlier  references  of  this  list  go  back  to  1750,  little 
of  value  was  located  until  the  work  of  Davy  in  1808.  In  many  cases 
the  amalgams  were  stated  to  have  a  given  composition,  but  no  method 
of  analysis  was  given.  No  effort  was  made  to  locate  every  refer- 
ence mentioning  incidental  uses  of  amalgams,  such  as  their  application 
in  certain  physico-chemical  measurements  and  in  organic  chemistry 
as  reducing  agents,  or  to  cover  their  industrial  application  in  such 
operations  as  metallurgy,  electrochemistry  and  dentistry.  No  mention 
is  made  of  the  cases  in  which  the  elements  composing  the  amalgam 
were  weighed  directly  and  its  composition  calculated  from  these  weights. 
Practically   all   the   references    deal   with   binary   amalgams. 

Types  of  Methods.  The  various  procedures  used  in  determining  the 
composition  of  amalgams  have  been  classified  according  to  the  fol- 
lowing outline: 

I.     Gravimetric  Methods — 

1.  Gas-evolution  processes — those  in  which  either  the  mercury  or 
the  other  constituent  was  volatilized ;  or  in  which  the  amalgam  reacted 
with  a  solution  to  evolve  an  amount  of  a  gas  equivalent  to  the  element 
in  the  mercury.  The  amount  of  desired  constituent  was  calculated 
from  the  weight  of  residue  or  from  the  volume  of  the  evolved  gas. 

2.  Gravimetric  precipitation  processes — those  in  which  the  desired 
constituent  was  separated  and  subsequently  weighed  in  the  form  of  an 
insoluble  precipitate. 

3.  Solution  and  extraction  processes — those  in  which  one  of  the 
elements  was  dissolved  out  with  an  appropriate  solvent.  The  element 
undissolved  was  weighed  as  such,  or  the  one  dissolved  was  determined 
by  evaporating  the  extract  to  dryness  under  suitable  conditions  and 
weighing  the  residue. 
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II.  Titrametric  Methods — 

1.  Neutralization  processes— those  in  which  the  desired  constitu- 
ent was  dissolved  out  of  the  amalgam  by  means  of  water  or  an  excess 
of  a  standard  acid  and  the  solution  then  titrated  with  an  acid  or  base, 
respectively. 

2.  Oxidation-reduction  processes — those  in  which  the  desired  con- 
stituent was  dissolved  out  and  determined  by  means  of  a  suitable 
oxidizing  or  reducing  solution. 

3.  Titrametric  precipitation  processes — those  in  which  the  desired 
constituent  was  dissolved  out  and  determined  by  means  of  a  suitable 
solution  forming  a  precipitate  with  the  constituent. 

III.  Electrolytic   Methods— 

1.  Direct  processes — those  in  which  the  element  was  deposited  upon 
an  electrode  in  the  usual  manner  and  weighed. 

2.  Indirect  processes — those  in  which  the  element  was  deposited  in 
a  weighed  amount  of  mercury,  the  amount  deposited  being  calculated 
according  to  Faraday's  law  from  the  weight  or  volume  of  some  other 
element  liberated  in  a  coulometer  placed  in  series  in  the  same  electrical 
circuit. 

IV.  Physico-Chemical  Methods — - 

This  group  includes  those  processes  involving  the  measurement  of 
some  physical  property  of  the  system  investigated  which  is  a  function 
of  the  concentration  of  the  desired  constituent.  Such  properties  of 
amalgams  include  density,  electrode  potential  and  color. 
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NH,    H, 
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80 

Al 

Titr.— Neutr 
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Vol. 
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Ho 
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BaS04 
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Vol. 
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CdO 

(MO 
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Time-Amp. 

Density 

E.M.F. 

Cs,PtCl6 

Vol. 
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Ba 

Grav. — Gas-Evol 

Titr.— Oxid-Red 

Grav. — Pptn 
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19 
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84 
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Cd 

Titr.— Neutr 

Titr.— Pptn 
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Grav. — Pptn 

Grav. — Gas-Evol 
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93 

17 

34 

7 

35 
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Cr 
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20 
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Grav. — -Gas-Evol 

Co 

(52 

Cu 

Grav. — Gas-Evol 

CuO 

34,  73,  76 

Elec. — F's  Law 

H2 

5(3 

Elec. — F's  Law 

Ag 

73,  76 

Elec. — -F's  Law 

Time-Amp. 

94,  97 

Phys. — Chem 

Color 

73,  76 
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Grav. — Sol-Extr 
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10,  12,  96 
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Phys-Chem 
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57 
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98 
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Grav. — Pptn 

Rb2PtCl6 

85,  87 

Titr.— Neutr 

Vol. 
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Ag 

Grav. — Pptn 

AgCl 

61,  64,  67 

Grav. — Gas-Evol 

Ag 
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Na 

Grav. — Gas-Evol 

H, 

4,  22,  26,  55 

Grav.— Sol-Extr 

NaCl 

66,  81,  88,  96,  100 

Grav.— Sol-Extr  .  .  . 

Na2S04 

82,  81,  85,  86 

Titr.— Neutr 

Vol. 

1,  2,  5,  6,  27,  39,  40,  45, 
49,  55,  63,  68,  70,  78. 
88,  89,  90,  91,  93,  100, 

46, 
81, 
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Sr 

Grav. — Pptn 

SrS04 

82,  84.  92 

Titr.— Neutr... 

Vol. 

25,  89,  90,  91,  92,  103 

Titr.— Pptn. .  .  . 

Vol. 

93 

Tl 

Grav. — Pptn 

Til 

18,  35 
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Sn 

Titr.— Neutr 

Titr.— Oxid-Red 

Elec. — F's  Law 

Elec. — F's  Law 

Phys — Chem 

Grav. — Pptn 

Vol.  * 

Vol. 

Time-Ami). 

Ag 

E.M.F. 

Sn02 

SnO. 

Ag 

E.M.F. 

ZnO 

ZnO 

A^ 
Time- Am  p. 

E.M.F. 

Density 

71,  75 

95 

94 

71,  76 

103 

26   30   96   99 

Grav. — Sol-Extr 

Elec. — F's  Law 

Phys — Chem 

34 

76 
103 

Zn 

Grav. — Pptn 

Extr.— Sol-Extr 

Elec. — F's  Law 

Elec. — F's  Law 

Phys — Chem 

Phys — Chem 

15,  26,  40 

34 

29 

94,  97 

31,  33,  57.  103 

72 

Bibliography. 

1.  Allmand  and  Pollack.     J.  Chem.  Soc.  115,  1,021   (1919). 

2.  Bain  and  Withrow.     J.  Phys.  Chem.  25,  535   (1921). 

3.  Bauer.     Ber.  4,  449   (1871). 

4.  Berl  and  Jurrissen.     Z.  Angew.  Chem.  23,  248    (1909). 

5.  Berthelot.     Ann.  Chim.  Phys.   (5)  18,  433   (1879). 

6.  Berthelot.     Compt.  Rend.  88,  1,108  (1879). 

7.  Bijl.     Z.  Phys.  Chem.  4U  641    (1902). 

8.  Bornemann.     Metallurgie  9,  473    (1912). 

9.  Braley  and  Hall.     J.  Am.   Chem.   Soc.  42,  1,770    (1920). 

10.  Braley  and  Schneider.     Ibid.  43,  740  (1921). 

11.  Cady.     J.  Phys.  Chem.  2,  551   (1898)  ;  3,  107   (1899). 

12.  Chester.     Am.  J.  Sci.   (3)  16,  24  (1878). 

13.  Cohen,  Helderman  and  Mosveld.    Z.  Phys.  Chem.  96,  259  (1920). 

14.  Cohen  and  Inouye.     Ibid.  71,  625    (1910). 

15.  Cohen  and  Van  Ginneken.     Ibid.  75,  437    (1910). 

16.  Crenshaw.     J.   Phys.  Chem.  14,   158    (1910). 

17.  Crockewit.     J.   Prakt.   Chem.  45,  87    (1848). 

18.  Crookes.     J.  Chem.  Soc.  17,  147   (1864). 

19.  Dumesnil.     Compt.  Rend.  152,  868   (1911) . 

20.  Feree.     Ibid.  121,  822    (1895). 

21.  Feree.     Ibid.  122,  733  (1896). 

22.  Fernekes.     J.  Phys.  Chem.  7,  611    (1903). 

23.  Gay-Lussac    and    Thenard.      Ann.    Chim.    Phys.     (1)     73,    197 
(1810). 

24.  Griffin.     Technical  Methods  of  Analysis,   163    (1921). 

25.  Guntz  and  Roederer.     Bull.  Soc.  Chim.  (3)  35,  494   (1906). 

26.  Guthrie.     Phil.  Mag.    (5)    16,  321    (1883). 

27.  Haber  and  Sack.     Z.  Elektrochem.  8,  250    (1902). 

28.  Hare.     Am.  J.  Sci.  40,  293   (1841). 


Composition  of  Amalgams  161 


29.  Henderson.     Phys.  Rev.  29,  507   (1909). 

30.  Horsford.     Am.  J.  Sci.  (2)  13,  305  (1852). 

31.  Hulett.     Phys.  Pvev.  33,  307   (1911). 

32.  Hulett  and  DeLury.     J.  Am.  Chem.  Soc.  30,  1805   (1908). 

33.  Hulett  and  Minchin.     21,  391    (1906). 

34.  Humphreys.     J.  Chem.  Soc.  69,  2AZ   (1896). 

35.  Humphreys.     Ibid.  69,  1,679   (1896). 

36.  Hiinefeld.     Schweigger's  Ann.  61,  125    (1831). 

37.  Jordan.     J.  Prakt.  Chem.  10,  439   (1837). 

38.  Joule.     J.  Chem.   Soc.  16,  378    (1863). 

39.  Kerp.     Z.  Anorg.  Chem.  17,  284   (1898). 

40.  Kerp,  Bottger,  Winter  and  Iggena.     Ibid.  25,   1    (1900). 

41.  Koenig.     J.  Prakt.  Chem.  70,  64    (1857). 

42.  Kurnakoff.     Z.  Anorg.   Chem.  23,  439    (1900). 

43.  Kurnakoff  and  Zukowsky.     Ibid.  52,  416    (1907). 

44.  Landolt.     Ann.  Suppl.  6,  346   (1868). 

45.  Lewis,    Adams    and    Lanman.      J.    Am.    Chem.    Soc.    37,    2,656 
(1915). 

46.  Lewis  and  Kraus.     Ibid.  32,  1,459   (1910). 

47.  Loomis.     Ibid.  U,  8   (1922). 

48.  Maclnnes  and  Parker.     Ibid.  37,  1,451    (1915). 

49.  Maey.     Z.  Phys.  Chem.  29,  119   (1899). 

50.  Maey.     Ibid.  50,  209   (1905). 

51.  Mellon.     J.  Am.  Chem.  Soc.  U,  2,167   (1922). 

52.  Mellon  and  Henderson.     J.  Am.  Chem.  Soc.  42,  676    (1920). 

53.  Mellon  and  Pveinhard.     Proc.  Ind.   Acad.    Sci.   31,   189    (1921). 

54.  Mellon  and  Pveinhard.     Ibid.  31,  181   (1921). 

55.  Merz  and  Weith.     Ber.  14,  1,438    (1881). 

56.  Meyer.     Z.  Phys.  Chem.  7,  477   (1891). 

57.  Meyer.     Wied.  Ann.  61,  225   (1897). 

58.  Moissan.     Compt.  Rend.  133,  803    (1901). 

59.  Moissan.     Bull.  Soc.  Chim.  (3)  27,  717  (1902). 

60.  Muller.     Metallurgie  7,  738  (1910) . 

61.  Muller  and  Honig.     Z.  Anorg.  Chem.  121,  344    (1922). 

62.  Nagaoka.     Wied.  Ann.  59,  66  (1896). 

63.  Neuhausen.     J.  Am.  Chem.  Soc.  U,  1,411    (1922). 

64.  Ogg.     Z.   Phys.  Chem.  27,  285    (1898). 

65.  Prelinger.     Monatsh.  14,  353   (1893). 

66.  Ramsay.     J.  Chem.   Soc.  55,  521    (1889). 

67.  Reinders.     Z.  Phys.  Chem.  5 A,  609   (1906). 

68.  Reuter.     Z.   Elektrochem.  8,  801    (1902). 

69.  Rich  and  Travers.     J.  Chem.  Soc.  89,  872   (1906). 

70.  Richards  and  Conant.     J.  Am.  Chem.  Soc.  M,  601   (1922). 

71.  Richards  and  Daniels.     Ibid.  U,  1,732   (1919). 

72.  Richards  and  Forbes.     Carneg.  Inst.  Pub.  56,  1  (1906)  ;  Z.  Phys. 
Chem.  58,  690    (1907). 

73.  Richards  and  Garrod-Thomas.     Z.  Phys.  Chem.  72,  165   (1910). 

74.  Richards  and  Singer.     J.  Am.  Chem.  Soc.  26,  300  (1904). 

75.  Richards  and  Smyth.     Ibid.  U,  524    (1922);  45,  1,455    (1923). 

11—30567 


162  Proceedings  of  Indiana  Academy  of  Science 

76.  Richards,  Wilson  and  Garrod-Thomas.     Carneg.  Inst.  Pub.  118, 
1    (1909). 

77.  Routledge.     Chem.  News.  26,  210    (1872). 

78.  Sack.     Z.  Anorg.  Chem.  34,  286    (1903). 

79.  Schiirger.     Ibid.  25,  425    (1900). 

80.  Smith.     J.  Am.  Chem.  Soc.  29,  844    (1907). 

81.  Smith.     Ibid.  39,  179   (1917). 

82.  Smith.     Ibid.  39,  1,545    (1917). 

83.  Smith.     Ber.  40,  2,941   (1907). 

84.  Smith.     Am.  Chem.  J.  37,  506    (1907). 

85.  Smith.     Ibid.  38,  671    (1908). 

86.  Smith.     J.  Phys.  Chem.  9,  13   (1905). 

87.  Smith.     Z.  Anorg.  Chem.  58,  381    (1908). 

88.  Smith  and  Ball.     J.  Am.  Chem.  Soc.  39,  179   (1917). 

89.  Smith  and  Bennett.     Ibid.  31,  799   (1909). 

90.  Smith   and   Bennett.     Ibid.  32,   622    (1910). 

91.  Smith  and  Braley.     Ibid.  39,  1,545  (1917). 

92.  Smith  and  Pvees.     Ibid.  40,   1,802    (1918). 

93.  Smith  and  Withrow.     Ibid.  29,  321    (1907). 

94.  Spencer.     Z.  Elektrochem.  11,   681    (1905). 

95.  Sucheni.     Ibid.  12,  726   (1906). 

96.  Tammann.     Z.  Phys.  Chem.  3,  441   (1889). 

97.  Tammann  and  Jander.     Z.   Anorg.  Chem.  124,  105    (1922). 

98.  Tenet.     Trans.  Pvoy.  Soc.  94,  418    (1804). 

99.  Van  Heteren.     Z.  Anorg.  Chem.  42,  129  (1904). 

100.  Wells  and  Smith.     J.  Am.  Chem,  Soc.  42,  185    (1920). 

101.  Wilm.     Z.  Anorg.  Chem.  4,  325  (1893). 

102.  Wislicenus  and  Kauffmann.     Ber.   28,  1,323    (1895). 

103.  Wogau.     Ann.  Physik.  23,  345  (1907). 


Behavior  of  Coealtous  Hydroxide 


16$ 


A  NOTE  ON  THE  BEHAVIOR   OF  COBALTOUS 
HYDROXIDE. 


Louis  Agassiz  Test,  Purdue  University  and  D.  L.   Scoles,  Iowa  State 

College. 

If  excess  of  sodium  hydroxide  solution  is  added  to  a  solution  of  a 
cobalt  salt,  a  blue  compound,  generally  considered  to  be  a  basic  salt, 
is  precipitated.  If  the  cobalt  is  pure  this  blue  compound  changes  quickly 
to  a  pink  substance  supposed  to  be  the  normal  hydroxide. 

Benedict1  called  attention  to  the  fact  that  if  a  small  amount  of  nickel 
salt  is  present  the  change  in  color  is  retarded  depending  on  the  amount 
of  nickel  present  (table  1). 

TABLE  1 — Time  required  for  color  change  in  cobalt  hydroxide  when  varying 
amounts  of  nickel   salt  was  added. 


cc.  2N 

cc.  .25N 

Change 

NaOH  solution 

CoCL  solution 

mg.  Ni. 

Change  began 

complete 

10 

10 

0 

3  sec. 

20  sec. 

10 

10 

0 

3  sec. 

23  sec. 

10 

10 

4 

5  sec. 

210  sec, 

10 

10 

4 

6  sec. 

210  sec 

10 

10 

10 

10  sec. 

20  min. 

10 

10 

10 

11  sec. 

20  min. 

He  suggested  this  as  a  test  for  nickel  in  the  presence  of  cobalt  and 
claimed  to  be  able  to  detect  5  per  cent  of  nickel  in  10  cc.  of  a  normal 
cobalt  solution.  This  was  probably  the  most  accurate  method  then 
known  for  the  detection  of  nickel  in  the  presence  of  cobalt. 

The  effect  can  hardly  be  due  to  the  color  of  the  nickel  hydroxide, 
and  Benedict  suggested  as  an  explanation  the  formation  of  nickel 
cobalite  which,  being  suitable,  gradually  broke  up  allowing  the  normal 
Co  (OH),  to  form. 

Some  years  ago  while  using  Bailey  and  Cady's  Manual  with  classes 
in  qualitative  analysis  my  attention  was  called  to  the  fact  that  stu- 
dents were  reporting  nickel  when  none  was  present.  Upon  investigation 
it  was  concluded  that  the  difficulty  lay  in  the  NaOH  used,  and  some 
experiments  were  begun  to  determine  if  possible  what  impurity  was 
retarding  the  color  change. 

It  was  found  that  the  strength  of  the  base  played  an  important  part, 
a  considerable  excess  always  being  necessary  for  rapid  change.  Using 
10  cc.  of  .25  N.  CoCL  and  10  cc.  NaOH  the  maximum  rate  of  change 
occurred  when  the  base  was  2  N  or  stronger.     It  was  further  observed 
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that  freshly  prepared  NaOH  solution  gave  satisfactory  results,  but  if 
the  solution  had  stood  sometime  in  a  bottle,  the  color  change  was  apt  to 
be  noticeably  retarded.  Carbonates  and  calcium  salts  when  present  had 
no  effect  on  the  change  and  it  seemed  more  probable  that  it  might  be 
due  to  silicates. 

Sodium  hydroxide,  which  had  been  heated  in  a  bottle  eight  hours 
on  a  water  bath,  showed  a  very  marked"  retardation  of  the  color  change 
(table  2).  Water  glass  solution  added  to  the  NaOH  solution  had  the 
same  general  effect  (table  3).  Sodium  silicate  made  by  fusing  SiO-- 
with  pure  NaOH  showed  a  marked  retardation  of  the  color  change 
when  a  quantity  of  it  containing  20  mg.  of  SiO-  was  added  to  the  NaOH 
solution. 

TABLE  2.     Time  required  for  color  change' in  cobalt  hydroxide  when  freshly 

prepared  sodium  hydroxide  is  used  compared  with  sodium    hydroxide 

heated  eight  hours  in  a  bottle  on  a  water  bath  and  containing  by 

analysis  16mg.  Si02  in  lOcc. 


cc.     .25N 

CoCl.  solution 

lOcc.     2N 
NaOH  solution 

Change 
began 

Change 
complete 

10 
10 
10 

Fresh 
Heated 
Heated 

5  sec. 

16  sec. 

17  sec. 

25  sec. 
8  min. 
8  min. 

TABLE  3.     Time  required  for  color  change  in  cobalt  hydroxide  when  varying 
amounts  of  sodium  silicate  were  added. 


cc.     .25N 

cc.     2N 

Change 

Change 

CoCl  2  solution 

NaOH  solution 

mg.     SiO  2 

began 

complete 

10 

10 

0 

5  sec. 

25  sec. 

10 

10 

0 

4.5  sec. 

20  sec. 

10 

10 

10 

16  sec. 

Indefinite 

10 

10 

10 

12  sec. 

Indefinite 

10 

10 

20 

No  change 

\ Complete  next 

10 

10 

20 

No  change 

/      morning. 

Conclusions. 

It  is  evident  that  unless  the  sodium  hydroxide  used  is  freshly  pre- 
pared or  reasonably  pure  this  method  cannot  be  depended  upon  for 
the  detection  of  nickel  in  the  presence  of  cobalt,  since  soluble  silicates 
also  retard  the  rate  of  color  change  in  cobalt  hydroxide. 

The  blue  color  probably  cannot  be  due  to  the  simple  mixing  of 
cobalt  silicate  formed  with  cobalt  hydroxide  or  the  pink  color  would 
not  finally  appear. 

Since  soluble  silicates  have  the  same  effect  as  nickel  salts  it  seems 
likely  that  Benedict  was  wrong  in  assuming  that  cobaltites  were  first 
formed. 
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FARMING  AS  A  CHEMICAL  INDUSTRY. 


R.  H.  Carr,  Purdue  University. 

This  title  may  seem  a  bit  questionable  to  some  and  lead  them  to 
conclude  that  the  typesetter  made  a  mistake.  This  is  no  typographical 
error,  however,  but  a  recognition  of  the  many  chemical  changes  con- 
stantly in  action  on  a  farm.  Those  who  are  careful  observers  realize 
that  this  round  of  changes  taking  place  in  crops  of  one  year  makes 
possible  greater  crops  and  changes  the  following  year.  It  would  be 
hard  to  conceive  of  farming  continuing  if  the  elements  of  our  plant  and 
animal  bodies  were  not  frequently  released  to  future  usefulness.  "That 
we  are  but  parts  of  a  grand  system,  and  the  elements  we  use  are  not 
our  own"  ought  to  be  more  evident  to  the  man.  who  plows  and  watches 
the  fresh  earth  sliding  and  rolling  from  the  moldboard  than  to  one  in 
any  other  walk  of  life.  In  the  soil  are  found  the  remains  of  generations 
of  plant  and  animal  life  in  all  stages  of  oxidation  or  decay,  supporting 
an  innumerable  population  of  bacteria,  molds,  worms,  and  insects.  Thus 
it  would  seem  that  the  sunbeam  is  the  builder  and  oxygen  the  destroyer 
but  in  reality  the  one  supplements  the  work  of  the  other  in  this  great 
soil  laboratory. 

The  Raw  Materials. — The  materials  out  of  which  farm  products 
are  manufactured  are  usually  simpler  than  those  employed  by  other 
manufacturers  as  every  100  pounds  from  the  farm  plant  factory  are 
made  from  about  five  pounds  of  soil,  20  pounds  of  air  and  75  pounds  of 
water  which  are  combined  and  vitalized  by  many  hours  of  sunshine. 
The  methods  used  by  the  farmer-chemist  make  a  lot  of  difference  in  the 
amounts  and  quality  of  the  final  product  as  nature  can  be  induced  to  add 
fine  colors,  fragrant  odors,  new  flavors,  high  protein  ratios  in  corn  or 
wheat,  etc.,  depending  on  the  products  desired. 

Each  Cell  a  Chemical  Factory. — The  cells  of  plants  are  wonderful 
bodies  varying  in  size  from  about  one-thousandth  of  an  inch  to  ten 
inches  or  more  as  the  small  carrot  cell  or  the  large  round  ones  in  an 
orange  or  the  long  ones  in  hemp.  The  inside  of  the  cell  is  partly  filled 
with  a  liquid  protoplasm  and  a  little  round  body  called  the  "nucleus" 
which  is  surrounded  with  this  protoplasmic  fluid.  This  nucleus  is 
capable  of  dividing  into  two  parts  with  complete  cell  walls  thus  en- 
abling rapid  cell  multiplication  (sometimes  dividing  every  30  minutes  as 
is  believed  to  be  the  case  in  the  growth  of  a  mushroom  or  a  puffball.) 
Thus  it  will  be  seen  that  this  simple  little  water  bag  without  any 
doors  or  windows  is  capable  of  assembling  from  air,  soil,  water  and 
sunshine  the  simple  raw  materials  and  manufacturing  from  them  com- 
plex proteins,  fats,  and  carbohydrates,  which  are  then  moved  through 
the  cell  wall  ready  for  shipment  in  the  sap  stream.  This  seems  like  a 
simple  process,  but  in  reality  it  is  so  complex  that  no  one  has  ever  suc- 
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ceeded  in  making  anything  which  acts  like  a  protein  or  a  fat,  although 
some  success  has  attended  recently  the  manufacture  of  sugar,  by  the 
test  tube  route. 

Sunshine  and  Starch. — Probably  the  most  subtle  phase  of  farm 
chemistry  relates  to  the  intimate  connection  between  starch  manufacture 
and  sunlight.  When  the  big  power  plant,  the  Sun,  comes  up  on  an 
August  morning,  all  the  wheels  of  the  corn  factory  start  turning  and 
before  sundown  about  170  pounds  of  starch,  seven  pounds  of  protein, 
and  three  pounds  of  fat  have  been  produced  per  acre  in  this 
farm  laboratory.  During  the  night  the  elevator  in  this  corn  factory 
continues  to  run,  moving  the  starch  before  midnight  from  the  leaves 
where  it  is  made,  so  that  long  before  daybreak  the  corn  machinery  is 
cleaned  for  another  day's  output. 

The  Soil — The  Farmer's  Main  Laboratory.- — Over  the  door  of  an 
agricultural  building  of  one  of  the  state  universities  is  inscribed  the 
words  "The  wealth  of  the  State  resides  in  the  soil."  When  one  con- 
siders that  this  wealth  is  not  so  much  in  valuable  ore  deposits  as  in 
valuable  farm  land  it  suggests  the  further  inquiry  as  to  what  is  so 
valuable  about  some  farm  land  when  so  much  of  it  is  not  worth  its 
taxes.  It  is  not  uncommon  to  find  a  difference  of  2,000  pounds  of  nitro- 
gen, phosphorus  or  calcium,  per  acie  plow  depth,  yet  most  farms  are 
bought  and  sold  without  the  purchasers  knowing  what  amounts  of  these 
vitally  essential  elements  are  present  in  the  soil  in  question  or  what 
the  additional  cost  would  be  to  add  the  amounts  needed.  It  is  hard  to 
conceive  of  a  man  buying  a  grocery  or  hardware  store  without  first 
finding  out  the  value  of  what  is  on  the  shelves.  When  this  chemical 
industry  of  the  farm  is  understood  generally,  farms  will  be  sold  by  their 
fertility  content  and  not  by  the  acre.  At  the  soil's  bank,  if  a  balance 
were  made  after  a  100  bushel  crop  of  corn  was  checked  out  it  would 
be  noted  that  the  available  supply  of  raw  materials  of  this  chemical 
plant  had  been  lowered  by  about  71  pounds  of  potassium,  23  pounds  of 
phosphorus  and  148  pounds  of  nitrogen,  besides  numerous  other  ele- 
ments not  rated  as  quite  so  important.  At  the  present  market  price 
of  these  elements  there  would  have  to  be  put  back  into  this  land  bank 
to  even  accounts  2.76  cents  worth  of  phosphorus,  29.6  cents  of  nitrogen 
and  3.5  cents  worth  of  potassium  for  each  bushel  of  corn  taken.  There- 
fore, it  is  plain  to  be  seen  that  the  main  reason  so  many  of  these  farm 
manufacturing  plants  are  not  prosperous  is  because  the  land  bank  is 
"broke"  on  account  of  the  lack  of  the  return  of  these  elements. 

Chemistry — Bacon  and  Eggs. — The  utilization  of  corn  or  other  grains 
when  fed  to  live  stock  involves  the  most  difficult  phase  of  farm  chem- 
istry. It  is  not  possible  at  this  time  to  follow  the  various  chemical 
changes  by  which  the  hog  converts  corn  into  breakfast  bacon  or  the  hen 
changes  it  or  other  grains  into  eggs,  or  the  cow  changes  green  grass 
into  white  milk,  but  all  these  problems  are  being  studied  as  never  before 
and  if  solved  it  will  probably  not  be  by  the  "Ford  Synthetic  Cow" 
method. 
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Modern  livestock  chemistry  has  passed  the  mere  feeding  trials  of  a 
few  years  ago  in  which  one  feed  was  merely  compared  with  another 
without  a  knowledge  of  their  chemical  differences.  This  method  has 
been  useful,  but  it  has  contributed  all  it  has  (o  offer  end  is  at  the  end 
of  its  rope. 

It  used  to  be  thought  that  if  a  ration  had  a  proper  amount  of 
carbohydrates  and  fat  material  in  comparison  with  protein  to  make  a 
wide  or  narrow  ration  as  desired  (which  was  considered  a  balanced 
ration)  that  it  was  sufficient.  Now  it  is  known  that  there  are  good  and 
poor  proteins  as  well  as  fats  and  that  the  prosperity  of  the  livestock 
factory  largely  depends  upon  how  well  the  feeder  knows  the  good  pro- 
teins, carbohydrates,  fats,  minerals  and  even  vitamins  as  well  as  how 
to  mix  them.  If  the  feeder,  for  example,  has  to  wait  for  the  hen  to  send 
in  an  order  for  egg  shell  or  feather  material  his  egg  factory  will  soon 
be  for  sale. 

The  Necessity  of  Eyes  Trained  to  Observe  Farm  Chemistry. — Those 
readers  who  were  raised  on  a  farm  are  aware  of  how  commonplace  many 
objects  used  to  appear  which  in  later  years,  when  viewed  through  eyes 
better  trained  to  observe  became  matters  of  unusual  interest  or  even  of 
wonder.  I  will  mention  here  only  some  of  these  common  but  often  un- 
observed chemical  changes  taking  place  on  the  farm  without  attempting 
to  expand  on  them.     The  following  are  among  the  more  common : 

The  souring  of  milk,  butter  and  cheese  making;  the  making  of  apple 
butter  or  vinegar;  the  leaching  of  wood  ashes  and  the  making  of  soap; 
the  sweating  of  the  grain  and  the  heating  of  hay,  silage  and  horse 
manure;  the  warmth  of  feed  stable  from  oxidation  of  food  by  cattle; 
the  rotting  of  logs  and  rusting  of  iron  fences,  plows,  hinges,  etc.;  the 
weathering  of  a  name  on  a  rock  or  changes  in  colors  and  composition 
of  soil  after  having  been  plowed  for  a  few  days;  the  aroma  of  clover 
before  and  after  cutting ;  the  healing  of  a  wound  in  a  tree ;  the  germina- 
tion of  grain;  the  curing  of  meat  by  salt  and  hickory  smoke;  the  burn- 
ing of  a  brush  pile;  the  spraying  of  trees;  the  making  of  bread;  the 
cattle  shivering  around  a  straw  stack  in  winter;  the  softening  of  hard 
water;  the  changing  of  leaves  from  green  to  red,  yellow,  etc.;  the 
painting  of  a  house;  the  frosting  of  the  glass  in  a  horse  stable  from  the 
ammonium  carbonate  deposit. 

These  and  other  illustrations  which  might  be  given  will  serve  to 
show  that  chemistry  is  the  basis  of  practically  everything  of  a  con- 
structive nature  in  farm  life  and  whether  he  realizes  it  or  not  the  real 
farmer  is  the  world's  greatest  synthetic  or  constructive  chemist. 

Farming  As  a  Biological  Industry. — It  is  probable  that  those  who 
are  familiar  with  biology  and  bacteriology  could  easily  show  that  farm- 
ing also  is  an  important  biological  industry.  The  birds,  insects,  bacteria 
and  worms  certainly  have  their  rightful  places  there  and  all  help  to  make 
farm  life  interesting  and  profitable. 
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Conclusion. — Thus  it  is  believed  that  agriculture,  which  is  the 
biggest  business  of  our  state,  is  largely  chemical  in  its  most  important 
operations,  is  moving  forward  as  rapidly  as  the  difficulties  and  com- 
plexities of  the  industry  will  admit  and  will  eventually  become  a  more 
scientific  and  profitable  business  than  has  ever  been  known. 
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THE  FERTILIZATION  OF  LAWNS. 


S.  D.  Conner,  Purdue  University  Agricultural  Experiment  Station 

A  deep,  fertile  soil  is  a  prime  requisite  for  a  good  lawn.  Farmers 
know  that  a  soil  must  be  well  drained  and  well  supplied  with  humus 
and  plant  food  to  produce  large  crops.  Gardeners,  likewise,  have  long- 
known  that  the  best  garden  soils  are  deep,  well  drained  and  rich.  The 
average  owner  of  a  lawn  has  never  given  much  thought  to  the  idea  that 
a  lawn  needs  a  good  soil.  Only  too  often  the  subsoil  from  the  cellar 
has  been  graded  around  the  house,  together  with  brick  bats,  plaster  and 
other  debris  from  the  building.  Sometimes  a  thin  coat  of  good  soil 
has  been  applied  over  the  surface.  Under  such  conditions  it  is  no 
wonder  that  the  grass  dies  out  and  the  weeds  come  in. 

During  recent  years,  much  study  has  been  given  to  the  making  of 
lawns  or  rather  putting  greens  at  country  clubs.  One  of  the  best 
methods  for  building  a  putting  green  is  to  thoroughly  tile  drain  the 
area,  then  dig  up  the  soil  about  a  foot  deep  and  mix  it,  if  it  is  clay, 
with  25  per  cent  manure  and  25  per  cent  sand.  If  the  soil  is  already 
sandy,  the  sand  is  not  necessary.  As  manure  is  nearly  always  filled  with 
noxious  weed  seeds,  an  additional  surface  of  one  inch  is  applied  com- 
posed of  half  sand  and  half  loam.  To  this  surface  inch  the  seed  and  fer- 
tilizers are  applied. 

The  fertilizer  used  in  preparing  a  new  lawn  should  consist  of  four 
to  five  per  cent  ammonia,  eight  or  ten  per  cent  phosphoric  acid  and  six 
to  eight  per  cent  potash.  If  such  an  analysis  can  not  be  obtained  a  good 
garden  fertilizer  may  be  used.  About  four  pounds  of  fertilizer  per  ten 
foot  square  should  be  used  to  start  a  new  lawn.  Half  as  much  may  be 
used  for  renovating  an  old  lawn. 

Lawn  Fertilizer  Experiments. — In  the  spring  of  1918  an  experiment 
was  started  on  the  lawn  directly  north  of  the  Experiment  Station  Build- 
ing. Plots  were  laid  out  as  follows:  Untreated;  limestone  3,000  pounds 
per  acre;  fertilizer  600  pounds  per  acre;  limestone  and  fertilizer; 
chicken  manue  one  ton  per  acre;  chicken  manure,  limestone  and  fer- 
tilizer. The  fertilizer  contained  six  per  cent  nitrogen,  eight  per  cent 
phosphoric  acid  and  two  per  cent  potash. 

The  limestone  has  never  shown  any  results  either  without  or  with 
the  fertilizer  although  the  soil  was  somewhat  acid  and  infested  with 
red  sorrel.  The  first  season  the  fertilizer  produced  a  luxuriant  dark 
green  lawn.  This  effect  was  noted  to  a  less  extent  the  second  year,  then 
is  completely  disappeared.  The  chicken  manure,  due  to  the  fact  that  it 
was  more  or  less  lumpy,  caused  an  uneven  growth  with  dark  green  and 
light  green  spots  of  grass.  These  dark  green  spots  persisted  longer 
than  the  effect  of  the  fertilizer.  It  was  concluded  that  the  fertilizer 
and  manure  effects  were  due  entirely  to  the  nitrogen  in  them,  and  that 
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neither  lime,  phosphate,  nor  potash  had  produced  any  noticeable  effect 
on  this  lawn. 

In  April,  1922,  a  second  grass  experiment  was  started  on  the  lawn 
directly  east  of  the  Station  Annex.     Treatment  was  applied  as  follows: 

1,  untreated;  2,  nitrate  of  soda,  150  pounds  per  acre;  3,  ammonium 
sulphate,  100  pounds  per  acre;  4,  dried  muck,  3000  pounds  per  acre;  5, 
limestone,  3  tons  per  acre;  6,  phosphate  and  potash;  7,  PK  plus  nitrate 
of  soda;  8,  PK  plus  ammonium  sulphate;  9,  PK  plus  muck;  10,  bono 
meal,  200  pounds  per  acre. 

This  experiment  gave  results  comparable  to  the  first.  No  appre- 
ciable effect  could  be  noted  from  limestone,  phosphate  and  potash  or  bone 
meal.  The  nitrate  of  soda  and  ammonium  sulphate  both  produced  a  dark 
green  luxuriant  lawn  the  first  season.  Very  little  effect  could  be  noted 
the  second  year  or  later.  The  ton  and  a  half  per  acre  application  of 
muck,  produced  no  effect,  This  is  an  interesting  point  as  many  humus 
preparations  composed  almost  entirely  of  muck  are  sold  for  lawn  fer- 
tilizers. 

The  results  cf  these  tests  indicate  that  a  lawn  fertilizer  should  be 
high  in  available  nitrogen.  From  greenhouse  tests  on  nitrogenous  ma- 
terials it  has  been  found  that  nitrate  of  soda  and  ammonium  sulphate 
are  the  most  quickly  available  of  the  nitrogenous  materials  on  the  mar- 
ket. Tankage  is  scmewhat  slower  in  availability  but  would  produce  a 
good  effect  on  grass.  Dried  chicken  and  sheep  manures  are  sold  and 
as  they  contain  available  nitrogen  they  will  do  some  good.  The  price  of 
dried  manures  per  unit  of  ammonia  is  so  high  that  they  do  not  do  as 
much  good  per  dollar  invested  as  do  fertilizers  containing  nitrate  of 
soda  and  ammonium  sulphate  which  are  water  soluble.  If  these  soluble 
salts  are  used  alone  there  is  a  possibility  of  causing  injury  by  using 
too  much  or  applying  ununiformly.  These  materials  should  be  applied 
only  when  the  grass  is  dry. 

Lawn  experiments  at  the  Rhode  Island  Experiment  Station  have 
shown  that  lime  encourages  dandelions  and  plantains.  The  use  of  am- 
monium sulphate  tends  to  make  the  soil  more  acid.  This  discourages 
the  above  mentioned  weeds.  If  acid  resistant  grasses  are  grown,  such 
as  red  top,  red  fescue,  and  the  bent  grasses,  very  fine  lawns  may  be 
grown  with  ammonium  sulphate  as  a  fertilizer.  Nitrate  of  soda  tends 
to  reduce  soil  acidity  and  may  be  used  on  Kentucky  blue  grass  lawns. 
On  such  a  lawn  greater  care  must  be  taken  to  keep  out  weeds.  If  any 
lawn  is  kept  well  fertilized  so  the  grass  grows  luxuriantly  there  is  less 
difficulty  with  weeds.  While  phosphate  and  potash  have  not  shown  any 
benefit  on  the  Experiment  Station  lawn,  it  is  no  doubt  true  that  there 
are  many  soils  in  the  state  that  do  need  these  fertilizers.  For  that 
reason,  it  is  best  to  apply  a  complete  fertilizer  but  it  should  by  all  means 
be  one  high  in  ammonia.  Only  on  the  most  acid  types  of  soil  is  it  profit- 
able to  use  lime.  In  this  connection,  it  might  be  well  to  say  that  the 
average  city  water  of  different  towns  in  Indiana  contains  lime,  and  on 
lawns  that  have  been  sprinkled  for  many  years  the  lime  content  is  high, 
and  likewise  the  proportion  of  weeds  is  increasing.  If  nitrogenous  fer- 
tilizers are  used  each  year,  the  grass  should  get  better  and  the  weeds 
should  diminish. 
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RHYTHMIC   CRYSTALLIZATION   OF   SODIUM   SULFATE 
IN  THIN  AGAR-AGAR  FILMS. 


P.  0.  ANDEREGG  and  G.  W.  Daubenspeck,  Purdue  University. 

The  so-called  Liesegang  phenomenon,  the  rhythmic  formation  of 
bands  or  rings,  has  been  studied  by  a  number  of  investigators.1  The 
usual  method  is  to  make  up  a  dilute  solution  of  a  salt  in  a  gel  and  allow 
another  salt  to  diffuse  into  the  gel  with  the  formation  of  an  insoluble 
precipitate.  Very  spectacular  results  can  be  obtained  in  this  manner; 
silver  chromate  in  gelatine,  lead  chromate  in  agar-agar  and  many  other 
combinations  give  good  results.  The  phenomenon  has  been  considered 
similar  to  band  formation  in  agates  and  other  minerals,"  in  starch  gran- 
ules,3 in  gallstones,"  and  in  butterflies'  wings:1  The  rhythmic  banding- 
seems  to  be  of  some  importance  in  biology  and  geology  and  needs  further 
study.  Results  obtained  with  a  simpler  system  should  be  easier  to  in- 
terpret. The  accidental  observance  of  bands  formed  in  sodium  sulfate 
crystallizing  from  a  one  per  cent  agar-agar  film  led  to  this  study. 

Experimental.  A  solution  of  sodium  sulfate  in  one  per  cent  agar 
was  poured  into  a  test  tube  wetting  the  walls.  At  the  end  of  24  hours 
a  rhythmic  formation  of  nearly  30  rings  of  solidified  salt  was  observed 
in  the  upper  part  of  the  tube.  From  the  lowest  ring  three  or  four 
dendritic  growths  extended  downward.  Other  similar  tubes  were  made 
up  and  the  ring  formation  could  be  followed  under  the  microscope  with 
ease.  The  time  required  for  each  band  varied  from  20  seconds  to  sev- 
eral minutes;  in  general  the  time  was  shorter  in  the  upper  part  of  the 
tube.  The  velocity  of  ring  formation  varied  also  with  the  diameter  of 
the  tube. 

To  determine  the  best  concentration  of  sodium  sulfate  to  use,  sev- 
eral tubes  of  different  concentration  were  made  up.  To  minimize  com- 
plications due  to  interaction  of  the  salt  and  gel,  the  amount  of  the  latter 
should  be  kept  as  small  as  is  consistent  with  a  satisfactory  gel  forma- 
tion. A  tube  containing  no  salt  gave  a  smooth  transparent  gel  with 
little  opalescence.  Similar  results  were  obtained  with  a  solution  of 
0.005  M  sodium  sulfate.  Below  0.1  M  little  banding  effect  was  observed. 
At  0  5  M  no  definite  banding  was  seen  but  some  of  the  agar  was 
coagulated,  while  at  a  1.0  M  concentration  the  coagulation  was  very 
marked.     An  intermediate  concentration,  0.25  M   gave  best  results. 

For  these  experiments  the  agar-agar  was  dialyzed  with  many 
changes  of  distilled  water  for  five  days,  and  the  sodium  sulfate  was 
recrystallized.     The  solutions  were  made  up  to  a  strength  0.25  M  in  a 

1  Hatschek,    Second    Renoit    on    Colloid    Chemistry    21      (1919).       Liesegang,    "Koloid- 
chemie    1914-1922,"    Leipzig,    1922. 

-  Liesegang,   "Lehrbuch   der  Mineialogie,"    Berlin,   1920,   pp.   434-445. 
3Bechhold,    "Colloids   in   Biology  and   Medicine."      Van    Nostrand,    1919. 
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one  per  cent  agar-agar  at  about  60 °C.  The  temperature  of  the  solution 
before  the  cooling  process  was  found  to  have  little  effect  on  the  results. 
The  solution  was  poured  on  a  clean  glass  plate  in  such  a  way  as  to  give 
a  nearly  uniform  deposit.  The  pH  of  these  solutions  was  usually  within 
the  limits  6.5   and  7.0. 

The  main  factors  affecting  the  ring  formation  are  the  temperature, 
the  humidity,  the  rate  of  drying,  and  the  light.  Some  of  these  may  be 
not  without  influence  on  others,  thus  the  humidity  and  temperature  to- 
gether with  air  currents  are  the  chief  factors  in  determining  the  rate 
of  drying. 

The  Temperature  Effect.  The  most  important  condition  governing 
the  results  seems  to  be  the  temperature  at  which  the  plate  is  allowed 
to  stand.  Sodium  sulfate  has  a  transition  point  at  32.40°,  an  anhydrous 
form  being  stable  above  this  temperature  and  the  decahydrate  tending 
to  crystallize  out  of  solution  below  this  point.  There  is  also  a  metastable 
heptahydrate  and  the  possibilities  of  the  existence  of  other  forms  must 
be  considered  in  explaining  the  several  characteristic  forms  obtainable. 


Fig*.  1.  At  high  temperatures  a  brush-heap  structure  of  crystallized  anhydrous 
sodium  sulfate  is  formed.  As  the  temperature  falls  rosettes  are  formed,  B,  which 
gradually  grow  into  the  lichen-like  growths  of  C  and  D.  At  room  temperatures  there 
frequently   crystallizes  out  the  fern-shaped  growth   E. 


Eight  plates  were  poured  at  60°.  Two  were  left  in  the  oven  at  this 
temperature,  two  were  allowed  to  cool  at  23°,  two  were  placed  on  ice, 
while  two  were  kept  at  35°  before  further  cooling.  The  pair  in  the 
oven  was  covered  with  a  continuous  brush-heap  structure  without  any 
periodicity  of  arrangement,  (fig.  1A).  The  plates  standing  at  room  tem- 
perature showed  the  same  effects  as  most  of  the  plates  studied  and  as 
described  below.  The  bands  formed  on  the  plates  on  ice  were  more 
numerous  and  closer  together  with  a  few  crystals  of  larger  size.  At  35° 
the  characteristic  brush-heap  structure  formed  around  the  edges  (fig. 
1A  and  B)  merged  into  lichen-like  growths  (fig.  1C  and  D).  These 
latter  might  be  modified  by  dendritic  growths.  On  cooling  to  room  tem- 
perature,   characteristic    fern-like    growths    formed    in    rhythmic    bands, 
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(fig.  IE).  If,  then,  a  plate  is  seeded  with  a  little  decahydrate,  an  im- 
mediate and  considerable  growth  of  a  new  form  starts  in,  all  around 
inside  the  fern-like  growth,  but  separated  from  it  by  a  space  1  to  4 
mm.  across.  Figure  4C  shows  such  a  transition.  This  new  form  comes 
down  rhythmically  but  consists  of  needles  (fig.  2).  As  the  needles  ap- 
proach the  limits  of  the  area  of  supersaturation,  the  rate  of  growth  de- 
creases and  the  ends  grow  till  the  monoclinic  shape  of  the  decahydrate 
is  plainly  visible.  As  the  gel  drys  out,  certain  places  along  the  needles 
thicken  into  bead-like  crystals.  On  longer  standing  the  decahydrate 
effloresces  and  the  fern-shaped  form  appears  to  do  so,  also.     The  very 
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Figs.  2  and  3  are  microphotographs  of  the  needle-shaped  decahydrate.  Fig.  2  shows 
the  rhythmic  banding  nicely  with  the  development  of  certain  parts  into  bead-like  crystals. 
Fig.  3  shows  the  formation  of  peacock  feathers,  probably  aided  by  lack  of  uniformity  in 
the  gel. 


rapid  growth  on  seeding  with  decahydrate  indicates  this  form  to  be  less 
soluble  than  the  fern-shaped.  The  latter  might  be  the  anhydrous  salt, 
the  heptahydrate  or  an  unknown  hydrate.  If  it  were  the  anhydrous 
form,  it  could  not  effloresce  without  preliminary  transition  to  the  stable 
decahydrate.  The  lectalinear  growths  of  the  fern-shaped  form  suggest 
the  rhombic  growth  of  the  anhydrous  salt.  Attempts  to  find  what  form 
it  was  by  seeding  supersaturated  solutions  of  sodium  sulfate  at  room 
temperatures  resulted  in  failure;  the  fern-shaped  material  always  dis- 
solved. 

Humidity.     The   shape   assumed   by  the   sodium   sulfate   was   deter- 
mined largely  by  humidity  conditions.     Plates  made  up  under  identical 
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conditions  were  placed  in  atmospheres  containing  moisture  at  4.2  mm. 
and  at  16.3  mm.  and  saturated,  the  relative  humidities  being  20,  80,  and 
100  per  cent,  respectively.  At  the  lowest  humidity  clearly  defined 
rosettes  were  formed  similar  to  those  produced  above  the  transition 
point.  The  vapor  pressure  being  below  that  of  the  decahydrate,  the 
anhydrous  form  crystalizes  out  directly.  The  plates  at  80  per  cent  hu- 
midity behaved  like  those  exposed  to  the  room  atmosphere.  When  the 
air  was  saturated  with  moisture  the  film  has  no  chance  to  dry  out  and 
no  crystals  were  formed.  On  further  exposure  to  air  of  lower  moisture 
content,  the  characteristic  growths  were  observed. 

Rate  of  Drying.  The  rate  of  crystal  growth  is  also  affected  by  the 
rate  of  drying.  If  the  drying  is  very  slow  the  diffusion  becomes  the 
predominant  factor  and  the  growth  of  a  few  dendrites  rather  well  sep- 
arated is  the  result.  On  the  other  hand  too  rapid  a  drying  gives  a  con- 
tinuous growth  of  crystals.  This  holds  true  for  both  the  fern-shape  and 
the  decahydrate.  The  results  obtained  at  different  heights  in  the  tube 
are  to  be  connected  directly  with  the  rate  of  drying.  In  general,  the 
slower  the  drying  the  wider  the  bands. 

The  Effect  of  Light.  Similar  plates  were  placed  under  identical  tem- 
perature and  humidity  conditions  in  the  dark,  in  diffuse  daylight  and 
in  direct  sunlight.  In  diffuse  light  and  in  the  dark  the  growth  was 
similar  to  that  usually  observed  but  in  the  direct  sunlight  the  formation 
of  numerous  narrow  bands  was  promoted.  Part  of  this  result  may  be 
ascribed  to  a  greater  drying  rate  but  part  is  probably  due  to  a  "trigger" 
action  of  the  light  on  relieving  supersaturation.  This  was  observed  with 
several  plates  where  some  control  of  the  band  width  could  be  exercised 
by  intermittent  illumination.  Light  should  have  more  or  less  effect  on 
all  rhythmic  bandings.4 

The  Mechanism  of  Rhythmic  Banding.  Previous  authors  working 
with  bands  formed  as  a  result  of  chemical  interaction  have  considered 
supersaturation,5  diffusion,"  absorption  of  electrolyte  by  gel,7  (protective 
action  of  the  gel),  or  coagulation  of  the  gel  by  the  electrolyte,8  in  ex- 
plaining the  results  obtained.  There  is  little  doubt  that  all  of  these 
take  part  in  the  phenomenon  to  an  extent  varying  with  the  conditions. 
In  our  more  concentrated  solutions  a  marked  coagulation  of  the  gel  oc- 
curred, while  in  most  dilute  solutions  absorption  prevented  crystal  for- 

1 Hatschek,  Proc.  Roy.  Soc.  99A,  496  (1922).  Davis,  J.  Am.  Chem.  Soc.  45,  2261-3 
(1923).  Tryhorn  &  Brockton,  Trans.  Faraday  Soc.  (1923).  Dhar  &  Chatterji,  J.  Phys. 
Chem.     28,  41-50    (1924). 

•"'  Wilhelm   Ostwald,   "Allg.   Chemie,"    2d    Ed.      II.      778,    780. 

6  H.  N.  Holmes,  J.  Am.  Chem.  Soc.  40,  1187  (1918).  R.  Fricke.  Z.  physik.  Chem. 
107,  41  (1924).  S.  C.  Bradford,  Science  ',/,,  463  (1922).  C.  H.  Schleussner.  Kolloid,  Z. 
31,   347     (1922)  ;    Sh,   338     (1924). 

7  Cit.  1,  Sen  and  Dabe.  Kolloid  Z.  Sk,  270  (1924).  Chatterji  and  Dhar,  ibid.,  31, 
15    (1922). 
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mation.  At  intermediate  concentrations,  neither  is  in  sufficient  excess 
to  become  predominant.  The  peacock-feather-like  growth  illustrated  in 
figure  3  indicates  a  lack  of  uniformity  in  the  gel  resulting  in  differences 
in  the  rate  of  absorption  and  in  the  rate  of  crystallization. 

The  periodic  growth  can  be  readily  followed  under  the  microscope. 
As  the  gel  cools  and  especially  as  moisture  evaporates  from  the  surface 
supersaturation  occurs  and  the  crystals  starting  at  the  edges  shoot  in- 
ward over  the  supersaturated  area,  slowing  up  as  the  saturation  line  is 
approached.  Some  of  the  salt  diffuses  to  the  ends  of  the  needles  which 
then  thicken  and  widen  about  as  fast  as  they  lengthen  for  a  little  while. 
In  the  meantime  the  agar  continues  to  lose  moisture,  becoming  super- 
saturated. When  a  sufficiently  unstable  condition  is  reached  crystals 
shoot  out  from  the  blunt  ends  with  considerable  velocity  to  form  another 
band  and  the  process  is  periodically  repeated. 

The  recent  analysis  of  the  Liesegang  phenomenon  made  by  R. 
Fricke,''  combines  diffusion  effects  with  some  supersaturation.  In  the 
experiments  just  described  supersaturation  is  a  factor  more  obviously 
important  than  with  the  usual  rhythmic  banding,  but  his  method  of 
analysis  is  applicable. 

Other  Salts.  Fourth  molar  solutions  of  sodium,  cupric  and  ferric 
chloride,  potassium  sulfate  and  permanganate  were  made  in  one  per  cent 
agar-agar.  The  permanganate  was  reduced  by  the  agar  and  ferric 
chloride  was  too  deliquescent  to  give  good  results.  Sodium  and  cupric 
chlorides  gave  fern-like  growths  which  started  usually  from  many  nuclei 
with  initial  cross-like  structures   (fig.  4A).     Often  a  more  rapid  growth 
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Fig.  4.  (A)  A  typical  growth  of  sodium  chloride  nuclei.  (B)  A  typical  growth  of 
potassium  sulfate  crystals.  (C)  Crystals  of  the  fern-shaped  form  on  the  left  followed 
by  a  narrow  band  and  needle-shaped  decahydrate,  the  latter  being  formed  as  a  result  of 
seeding. 

resulted  in  a  fan-shaped  bundle  of  needles  being  formed  with  later 
changing  over  into  a  row  of  cubes.  Some  evidences  of  periodic  growth 
were  obtained  but  the  distinct  banding  of  sodium  sulfate  was  absent. 
DuNoiiy  has  recently  described  a  banded  crystallization  of  sodium 
chloride  under  the  influence  of  a  trace  of  saponin.1"  Copper  sulfate  gave 
beautiful  bands  but  the  fineness  of  the  crystals  obscured  much  of  the 
blue  color.     Potassium  sulfate  formed  growths  rather  unlike  sodium  sul- 

9R.   Fricke.      Cit.   6. 

10  P.   L.   DuNoiiy.      Science   60,   337    (1924). 
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fate  except  in  a  few  times  when  the  latter  was  anhydrous.  In  potas- 
sium sulfate  the  crystals  tended  to  start  from  isolated  nuclei  with  little 
tendency  towards  banding.  The  interesting  typical  growth  of  the  nuclei 
is  given  in  figure  4B.  The  rhombic  character  of  the  crystal  results  in 
the  formation  of  four  horns  something  like  a  pair  of  ice  tongs. 

Summary. 

In  the  rhythmic  crystallization  of  sodium  sulfate,  (and  a  few  other 
salts),  from  one  per  cent  agar-agar  films  supersaturation  plays  a  part 
more  obviously  important  than  is  found  in  the  usual  Liesegang 
phenomenon. 

The  effects  of  variable  conditions  of  concentration,  temperature, 
humidity,  rate  of  drying  and  light  are  described  and  explained. 

Sodium  sulfate  crystallizing  from  agar  films  at  room  temperature 
often  forms  a  metastable  fern-shaped  growth  which  later  appears  to 
effloresce. 


Migration  of  Carbon  in  Steel 


177 


EFFECT  OF  OTHER  ELEMENTS  UPON  MIGRATION  OF 
CARBON  IN  STEEL. 


E.  G.  Mahin,  R.  C.  Spencer  and  C.  R.  Hayner,  Purdue  University. 

In  the  course  of  an  investigation  which  has  been  conducted  in  this 
laboratory  during-  the  past  six  years,  designed  to  throw  light  upon  the 
effect  of  non-metallic  inclusions  upon  the  problem  of  carbon  migration 
and  segregation,  both  ingot  iron  and  low-carbon  steel  were  heated  in  in- 
timate contact  with  gray  and  malleable  cast  iron,  respectively.  A  strik- 
ing difference  in  the  ability  of  carbon  to  migrate  into  the  steel  was  ob- 
served, penetration  occurring  much  more  readily  from  the  gray  iron  than 
from  the  malleable  casting. 

The  fundamental  differences  in  the  nature  of  gray  and  malleable 
iron  are  principally  with  regard  to  silicon,  manganese  and  carbon.  Gray 
iron  contains  most  of  its  carbon  in  the  form  of  graphite  flakes,  as  shown 
in  figure  1.  In  this  photomicrograph  the  bright  portion  represents  iron, 
the  dark  portion  sections  of  curved  flakes   (often  grouped)    of  free  car- 


Fig.  1.  Gray  cast  iron.  Graphite  flakes 
in  matrix  of  ferrite.  x  100.  (Reduced  one- 
third.) 
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Fig.  2.  Malleable  cast  iron.  "Temper 
carbon"  in  matrix  of  ferrite.  x  100.  (Re- 
duced  one-third.) 


bon.  It  is  this  structural  peculiarity  that  gives  ordinary  castings  their 
apparent  brittleness,  the  graphite  flakes  interrupting  the  continuity  of 
the  otherwise  ductile  ferrite    (carbon-free  iron.) 

In  malleable  iron  castings  also,  the  carbon  is  chiefly  in  the  free  state 
but  the  graphite  is  here  in  more  compact  masses;  this  results  in  an  ap- 
preciable increase  in  the  ductility  and  malleability  of  the  mass.  Such 
iron  is  shown  in  figure  2. 

This  difference  in  the  state  of  carbon  is  largely  due  to  the  presence 
of  other  elements.  Silicon  has  an  important  influence  in  the  direction 
of  increasing  the  instability  of  iron  carbide,  so  that  carbon  separates 
as  the  casting  is  cooled,  but  while  in  the  higher  temperature  ranges. 
Carbon  thus  takes  its  characteristic  flaky  form.  Manganese  has  an  ef- 
fect opposite  to  that  of  silicon,  as  it  increases  the  tendency  for  carbon  to 
remain  combined,  as  iron  carbide. 


"Proc.  Ind.  Acad.  Sci.,  vol.  34,  1924    (1925) 
12—30567 


178 


Proceedings  of  Indiana  Academy  of  Science 


"Malleable"  castings  are  produced  by  reheating1  "white"  cast  iron. 
This  material  contains  most  of  its  carbon  in  the  combined  state,  which 
is  made  possible  by  the  use  of  less  silicon  and  more  manganese  in  the 
original  melt,  so  that  moderately  rapid  cooling  will  almost  entirely  avoid 
the  formation  of  free  carbon.  If,  however,  this  material  is  reheated  for 
prolonged  periods  to  temperatures  between  700°  and  900°  C,  even  this 
carbide  is  mostly  dissociated,  the  free  carbon  thus  produced  assuming 
the  form  characteristic  of  malleable  castings   (fig.  2). 

Gray  iron  is  thus  characterized  by  high  carbon  and  silicon  and  low 
manganese,  while  malleable  iron  contains  high  carbon  and  moderate 
amounts  of  both  silicon  and  manganese.  Commercial  practice  varies 
rather  widely  but  the  following  table  gives  an  approximate  idea  of  av- 
erage compositions. 

TABLE  I.     Composition  of  cast  iron 


Carbon 

Silicon 

Manganese 

Gray 

Malleable 

2.5—4 
2.5—3 

1—3.5 

0.5—1 

0.1—0.5 
0.4— O.G 

Case-carburization,  All  case-carburizing  (cementation)  processes 
involve  the  formation  of  a  high-carbon  steel  skin  or  "case"  on  a  low- 
carbon  body.  The  ductile  mass  is  then  proof  against  breaking  by  shock, 
while  the  very  hard  case  resists  wear  or  abrasion.  This  condition  is 
brought  about  by  heating  a  mild  steel  for  periods  of  1  to  10  hours  in 
contact  with  some  material  capable  of  yielding  carbon  in  a  form  from 
which  it  may  be  assimilated  as  iron  carbide  by  the  iron  of  the  piece. 

A  great  variety  of  mixtures  have  been  exploited  and  used  commer- 
cially for  carburizing  such  pieces.  In  many  cases  the  superior  merits 
claimed  for  a  given  material  or  mixture  are  largely  imaginary,  although 
admixture  of  the  carbonaceous  material  with  other  elements  or  com- 
pounds does  sometimes  affect  the  rate  of  carbon  absorption.  Roughly 
speaking,  carburizers  may  be  classified  as  (a)  solid  mixtures  of  carbon 
or  easily  carbonized  materials,  with  or  without  "accelerators"  of  inorganic 
nature;  (b)  cyanides  or  ferrocyanides,  approximately  pure  or  mixed  with 
diluents;  (c)  gases,  which  may  be  hydrocarbons,  carbon  monoxide  or 
mixtures  of  these  with  each  other  or  with  other  gases.  Such  a  mixture 
is  ordinary  coal  gas,  such  as  is  served  for  fuel  in  most  cities. 

Cementation  is  usually  understood  to  be  a  reaction  of  iron  with 
either  carbon  monoxide  or  cyanogen,  somewhat  as  follows: 

3Fe  +  2CO  =  Fe,  C  +  C02, 
C02  +  C  =  2CO,  etc. 

3Fe  +  CN  =  Fe3C  +  N. 

It  seems  not  likely  that  undecomposed  carbon  monoxide  or  cyanogen 
can  penetrate  to  any  appreciable  depth  and  the  inward  migration  of 
carbon  is  probably  of  carbon  in  solid  solution  in  iron,  as  austenite,  al- 
though the  opposite  view  has  been  supported  by  Giolitti.  Also  it  has 
generally  been  assumed  that  solid  carbon,  as  such,  cannot  be  absorbed 
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appreciably  by  iron  within  the  ordinary  carburizing  temperature  ranges 
(800°  to  900°  C),  the  intermediate  formation  of  a  carbon-containing  gas 
being  necessary.     We  shall  refer  to  this  point  later  in  this  paper. 

Experimental.  The  work  described  in  this  paper  is  intended  to  be 
the  beginning  of  an  extensive  investigation  covering  the  influence  of 
other  elements  upon  the  iron-carbon  system,  as  regards  the  ability  of 
carbon  to  enter  iron  and  to  migrate  from  regions  of  high  concentration 
to  those  of  low  concentration,  both  of  which  processes  are  fundamental 
to  the  cementation  of  iron.     The  following  experiments  were  conducted : 

Specimens  of  gray  and  malleable  cast  iron  were  drilled  with  one- 
quarter-inch  holes  and  smoothed  rods  of  ingot  iron  were  carefully  driven 
into  them.  The  rods  fitted  the  holes  tightly  and  air  and  foreign  matter 
were  completely  excluded. 

Pairs  of  these  prepared  specimens  were  placed  in  closed  crucibles 
(to  minimize  oxidation)  and  heated  in  electric  muffle  furnaces  for  periods 
of  five  hours,  one  set  at  each  of  the  following  temperatures:  750°,  800°, 
850°,  900°  and  950°.  They  were  cooled  in  the  furnace  and  then  re- 
moved and  sectioned  transversely  to  the  axis  of  the  rod  insert.  A  freshly 
cut  section  of  each-  piece  was  polished  in  the  usual  way,  then  etched  with 
nitric  acid  and  examined  under  the  microscope  and  photographed.  The 
results  are  shown  in  Table  II  and  in  the  photomicrographs,  figures  3 
and  4,  for  the  heating  at  950°, 
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Fig.  3.  Penetration  of  carbon  from  gray 
iron  (at  left)  into  ingot  iron  (main  por- 
tion). Dark  grains  of  pearlite  in  light 
ferrite.     x  75.      (Reduced  one-third.) 


Fig.  4.  Penetration  of  carbon  from  mal- 
leable iron  (at  left)  into  ingot  iron  (main 
portion).  Pearlite  in  ferrite.  x  75.  (Re- 
duced  one-third.) 


TABLE  II.     Depth  of  penetration  (in  millimeter 

malleable  cast  iron. 


of  carbon  from  gray  and 


Temp.     °C. 

Gray 

Malleable 

800 
850 
900 
95) 

Irregular,  0 — 0.25 
0.60 
1 .  00 
1 .  20 

0 
0.20 
0.45 

0.8 

No  appreciable  cementation  occurred  below  800°,  which  is  about  the 
lower  temperature  limit  for  ordinary  commercial  case-carburization,  or 
cementation,, 
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Carbon  seems  to  enter  iron  from  malleable  cast  iron  slowly  and  to 
migrate  slowly,  while  from  gray  iron  the  cementation  is  more  rapid. 
With  malleable  iron,  even  when  the  temperature  is  high  enough  to  carry 
carbon  well  into  the  interior,  the  steel  layer  thus  formed  is  relatively 
low  in  carbon,  as  shown  by  the  scattering  pearlite  grains  in  the  outer 
layers  of  the  ingot  iron  insert.  At  950°,  while  penetration  has  occurred 
to  a  depth  of  about  0.8  millimeter,  the  pearlite  grains  indicate  at  no 
point  a  carbon  content  greater  than  about  0.3  per  cent. 

With  gray  iron  the  case  is  quite  different.  Carbon  enters  the  ingot 
iron  readily  and  penetrates  more  rapidly.  The  outer  layer  of  the  car- 
burized  piece,  as  shown  in  figure  3,  is  practically  eutectoid  in  composi- 
tion (carbon=0.9  per  cent),  which  is  about  what  is  desired  in  a  com- 
mercially carburized  piece. 

These  experiments  prove  conclusively  that  solid  carbon  can  dissolve 
in  and  migrate  through  iron,  forming  carbide  upon  cooling,  as  is  the 
case  with  the  gases  carbon  monoxide  and  cyanogen.  The  explanation 
of  the  difference  in  rate  of  migration  remains.  This  latter  may  be  due 
to  (a)  difference  in  carbon  content  of  the  carburizing  piece,  (b)  dif- 
ference in  the  concentration  of  silicon  in  this  piece,  (c)  difference  in  the 
concentration  of  manganese  or  (d)  any  combination  of  these  factors. 
These  points  are  being  studied  at  greater  length. 

Polished  pieces  of  ingot  iron  were  next  packed  in  (a)  gray  iron 
drillings,  (b)  gray  iron  with  10  per  cent  of  ferrosilicon,  (c)  gray  iron 
with  10  per  cent  of  ferromanganese,  (d)  a  commercial  brand  of  case- 
carburizing  compound  and  (e)  mixtures  of  this  material  with  varying 
amounts  of  ferrosilicon  or  ferromanganese.  The  iron  with  its  packing 
was  placed  in  large  porcelain  crucibles,  the  covers  sealed  on  with  fire 
clay  and  the  entire  assembly  heated  in  the  muffle  furnace  at  about  950° 
for  five  hours. 

Transverse  sections  of  the  pieces  treated  as  just  described,  followed 
by  furnace  cooling,  showed  that  gray  iron  alone,  used  as  packing,  yielded 
practically  no  carbon  to  the  ingot  iron,  only  a  trace  of  pearlite  appear- 
ing at  the  extreme  outer  surface  of  the  piece.  The  ingot  iron  packed 
in  gray  iron  with  10  per  cent  of  ferrosilicon  showed  a  carburized  case, 
1%  millimeter  in  depth,  while  the  piece  packed  in  gray  iron  with  10 
per  cent  of  ferromanganese  showed  a  case  two  millimeters  in  depth,  with 
the  outer  skin  nearly  eutectoid  in  composition. 

Conclusions.  As  has  already  been  stated,  this  is  merely  the  begin- 
ning of  what  is  hoped  will  be  an  extensive  investigation  into  the  in- 
fluence of  foreign  elements  upon  the  rate  of  carburization  and  carbon 
migration.  The  results  here  reported  indicate  rather  decidedly  that  in- 
creasing the  per  cent  of  silicon  or  manganese  in  the  carburizing  mixture 
increases  the  tendency  of  iron  to  absorb  carbon.  This,  of  course,  refers 
only  to  silicides  and  manganese  alloys,  and  not  to  salts,  such  as  silicates 
or  manganese  salts  as  such.  Detailed  experiments  are  now  in  progress, 
covering  a  wide  range  of  mixtures  and  of  heating  conditions. 
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A    CHEMICAL    INVESTIGATION    OF    THE    WATER    OF 
DEVILS  LAKE,  NORTH  DAKOTA. 


G.  A.  Abbott,  University  of  North  Dakota. 

This  study  of  the  composition  of  the  water  of  Devils  Lake,  North 
Dakota,  should  prove  interesting  to  the  members  of  the  Indiana  Acad- 
emy of  Science,  not  only  from  the  scientific  point  of  view,  but  also  be- 
cause a  former  active  member  of  the  Indiana  Academy  was  instrumental 
in  establishing  the  State  Biological  Laboratory  on  the  shores  of  this 
lake,  where  for  a  number  of  years  many  investigators  were  engaged  in 
studying  the  unique  biological  conditions  found  in  its  waters. 

The  State  Biological  Laboratory  was  established  in  1909  through  the 
efforts  of  Dr.  M.  A.  Brannon,  then  Professor  of  Biology  and  Dean  of 
the  School  of  Medicine  at  the  University  of  North  Dakota.  It  was  main- 
tained by  the  state,  partly  in  the  hope  that  through  the  researches  car- 
ried on  under  the  supervision  of  the  University,  it  might  be  found  pos- 
sible to  re-stock  the  lake  with  game  fish.  When  Dr.  Brannon  left  the 
state,  the  directorship  passed  to  Dr.  R.  A.  Young,  the  Assistant  Director, 
who  succeeded  Professor  Brannon  as  Head  of  the  Department  of  Biology 
at  the  University.  The  laboratory  was  actively  maintained  until  the 
session  of  the  legislature  in  1923  when  the  appropriations  were  discon- 
tinued and  the  property  was  transferred  to  the  State  Fish  Commission. 

The  Devils  Lake  complex,  comprising  Main,  or  Devils  Lake  proper, 
Stump  Lake,  and  a  number  of  minor  saline  lakes,  is  the  remnant  of  the 
old  glacial  Lake  Minnewaukan.  It  lies  in  a  region  designated  by  Simp- 
son1 as  the  "Drift  Prairie  Plain"  extending  from  the  old  glacial  Lake 
Agassiz  floor  of  the  Red  River  Valley  on  the  east  to  the  Great  Plains 
Plateau  on  the  west,  and  occupies  the  southern  portion  of  a  drainage 
basin  extending  from  the  Turtle  Mountains  near  the  Canadian  boundary 
to  the  ridge  of  high  morainic  hills  which  form  its  southern  boundary. 

The  geological  history  of  these  lakes  indicates  plainly  that  the  levels 
of  the  water  in  the  past  have  been  both  higher  and  lower  than  the  pres- 
ent level.  A  few  decades  ago  the  waters  reached  the  limits  of  Devils 
Lake  City  which  is  now  five  miles  from  the  nearest  shores  of  Creel  Bay. 
At  that  time  Devils  Lake  received  a  considerable  volume  of  relatively 
fresh  water  from  the  Mauvaise  Coulee,  the  main  stream  of  this  drain- 
age basin,  which  connected  a  number  of  minor  lakes  with  the  main  lake 
and  at  certain  seasons  was  a  stream  of  considerable  magnitude.  In  re- 
cent years  it  has  become  practically  dry  except  during  spring  freshets. 
In  1911  Chandler"  estimated  the  combined  areas  of  the  lakes  of  this  com- 
plex to  be  9,000  square  kilometers.  The  steady  recession  of  the  lake  is 
due  to  the  fact  that  evaporation  is  exceeding  the  inflow  of  ground  and 

1  H.    E.    Simpson,    Physiography   of  the   Devils-Stump    Lake    Region   of   North   Dakota. 
N.  D.   Geological   Survey,   6th   Bien.   Report,   pp.   105-57,   1912. 

2  E.  F.  Chandler,  The  Red  River  of  the  North.     Quart.  Journal  of  the  Univ.  of  North 
Dakota,  Vol.  I,  pp.  227-55. 

"Proc.  Ind.  Acad.  Sci.,  vol.  34,  1924    (1925)." 
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surface  waters.  Doubtless  the  chief  factor  in  reducing  the  flow  of  water 
into  the  lake  has  been  the  cultivation  of  the  lands  of  the  drainage  basin. 

The  Indian  name  Minnewaukan,  signified  "Spirit  Water",  but  this 
was  corrupted  by  the  white  man  into  "Devils  Lake".  The  region  is  ro- 
mantic with  Indian  legends  and  traditions  and  rich  in  historical  asso- 
ciations. On  the  high  morainic  hills  forming  the  southern  shore  of  the 
lake,  General  Sully  fought  his  decisive  battle  with  the  Sioux.  This  site 
has  recently  been  made  a  National  Park.  Nearby  is  the  old  Fort  Totten 
Indian  Reservation. 

During  the  rapid  recession  of  the  lake,  there  has  been  a  correspond- 
ing concentration  of  the  salts  in  the  water.  Chemical  analyses  have  been 
made  at  intervals  since  1907.  In  1907  the  U.  S.  Geological  Survey  re- 
ported the  total  solids  of  Devils  Lake  water  as  9,448.4  p.  p.  m.  Seven 
years  later  Heath  found  12,092  p.  p.  m.  In  1918,  King  reported  14,452 
p.  p.  m.,  and  in  1923  Young  reported  15,210  p.  p.  m. 

In  1920,  Paul  T.  Nerhus,  then  a  graduate  student  in  chemistry,  made 
a  detailed  study  of  the  solubility  relations  of  the  salts  of  Devils  Lake 
water,  under  the  personal  supervision  of  the  writer.  His  analyses 
showed  the  following  percentage  composition  of  the  salts  obtained  by 
evaporation. 

Analysis  of  Salts  From  Devils  Lake. 

Potassium    K   2.74  per  cent 

Sodium Na 22.G0 

Calcium    Ca    0.24 

Magnesium    Mg  4.87 

Iron  and  Aluminum Fe  and  Al 0.05 

Silica    SiO,  0.15 

Chloride    CI 9.28 

Sulphate   S04 51.23 

Carbonate    CO,    5.50 

Water  of  composition,  organic  matter,  and  undetermined  3.34 


100.00 


The  sample  was  collected  under  the  ice  after  the  long  period  of 
solar  evaporation  during  the  summer  months,  which  accounts  for  the 
higher  value  of  total  solids  found,  15,889  p.  p.  m. 

It  is  apparent  that  the  chief  salts  are  sodium  sulphate,  (Glauber's 
salt),  sodium  chloride,  (common  salt)  and  magnesium  sulphate,  (Epsom 
salt).  It  thus  differs  strikingly  from  the  composition  of  such  western 
lake  waters  as  those  of  Searles  Lakes,  California;  Owens  Lake,  Cali- 
fornia; Dixie  Salt  Marsh,  Nevada;  and  Jesse  Lake,  Nebraska,  all  of 
which  are  rich  in  chlorides  rather  than  sulphates. 

Mr.  Nerhus  and  the  writer  studied  the  solubility  relations  of  the^c 
salts  from  the  point  of  view  of  the  Phase  Rule  equilibria  and  found  that 
the  relationships  were  much  simpler  than  those  of  sea  water  and  other 
chloride  waters.  We  were  able  to  devise  a  procedure  for  the  separation 
of  the  following  salts  in  a  state  of  purity:  Mirabilite,  Na,  SO,,  10  H20, 
Astrakanite,    MgSO,.    Na.SO'.    4    H.O,    Halite,   NaCl,    and    Sylvite,    KC1. 
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Solar  evaporation  is  practicable  in  this  climate  and  it  possesses  the  ad- 
vantage that  it  reduces  the  hydrolysis  of  the  magnesium  salts.  For  the 
final  separation  of  the  sodium  and  potassium  chlorides  artificial  heat  is 
require  1.  The  low  cost  of  the  process  ought  to  make  possible  the 
economic  recovery  of  the  small  amounts  of  potassium  salts  in  this  and 
similar  saline  waters  under  the  condition  of  war-time  prices. 

But  the  chief  interest  in  the  chemical  composition  of  the  water  lies 
in  its  relation  to  the  flora  and  fauna  of  the  lake.  In  the  eighties  Devils 
Lake  is  said  to  have  abounded  with  fish,  which  have  now  disappeared 
except  a  single  species  of  stickel  back  (Eucalia  inconstans) .  Pickerel 
were  caught  in  great  abundance  and  ruthlessly  destroyed  by  the  fisher- 
men. Young3  has  published  a  detailed  report  of  the  studies  of  the  flora 
and  fauna  of  the  lake,  covering  a  period  of  14  years.  In  this  report  he 
states :  "The  reasons  for  the  disappearance  of  fish  from  Devils  Lake 
are  probably  primarily  the  increase  in  concentration  of  the  lake  water, 
and  secondarily  the  loss  of  suitable  breeding  grounds  for  the  pickerel, 
through  the  cutting  off  of  the  coulee  which  formerly  flowed  into  Minne- 
waukan  Bay,  but  which  in  recent  years  has  only  done  so  exceptionally. 
The  ruthless  destruction  of  the  pickerel  by  the  fishermen  was  probably 
a  contributing  cause,  and  there  is  some  evidence  (but  very  uncertain), 
from  the  accounts  of  early  observers,  of  an  epidemic  among  the  fish." 

"Since  1908  numerous  experiments  have  been  made  in  the  intro- 
duction of  various  species  of  fish  (chiefly  yellow  perch,  (Perca  flares- 
cens)  into  Devils  Lake,  but  without  any  permanent  success,  and  on  the 
tolerance  of  fish   for  several   different   salts  in   varying  concentrations." 

Concerning  the  stickel  back,  Young  states  further:  "The  stickel 
back  occurs  in  both  Main  and  Stump  Lakes  and  probably  in  other  lakes 
of  the  complex,  as  well  as  in  the  fresh  waters.  It  was  formerly  com- 
mon in  Main  Lake,  but  appears  to  be  much  less  so  at  present.  In  the 
summer  of  1914  several  were  found  dying  in  the  lake,  for  a  reason  which 
could  not  be  ascertained.  (The  italics  are  the  writer's).  The  tempera- 
ture of  the  water  at  the  time  was  not  higher  than  probably  occurs  fre- 
quently in  lakes  where  the  stickel  back  abounds,  and  bacteriological 
examinations  made  a  few  hours  after  death  gave  no  evidence  of  patho- 
genic bacteria  in  the  fish." 

"In  1912  also  the  stickel  backs  were  found  dead  in  large  numbers 
on  shore  in  spring  about  the  time  of  the  opening  of  the  lake.  The 
cause  of  this  fatality  is  also  obscure.  It  is  possible,  although  it  seems 
unlikely,  that  the  fish  may  have  been  trapped  in  the  ice  and  frozen  to 
death.  Lack  of  oxygen  will  hardly  account  for  it,  since  it  always  ap- 
pears to  be  ample  through  the  greater  part,  at  least,  of  the  water 
stratum." 

"In  recent  years  their  death  has  not  been  noted,  although  they  ap- 
pear to  be  present  in  considerably  diminished  numbers." 

In  his  reports  from  time  to  time,  Young  describes  experiments  in 
which  fish  were  placed  in  gradually  increasing  concentrations  of  Devils 
Lake  water  added  to  fresh  water  in  the  hope  of  acclimatizing  them  to 
tolerate   the  undiluted   water   of  the   lake,   but   these   experiments   were 

:!  R.   A.   Young-,   Bulletin   of  the   North   Dakota   Biological    Station,   1924. 
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uniformly  unsuccessful.  Two  theories  apparently  guided  these  investi- 
gations: (1)  the  theory  that  the  death  of  the  fish  might  be  due  to  the 
higher  osmotic  pressure  of  the  lake  water,  and  (2)  that  some  of  the 
salts  might  exert  a  toxic  action.  He  also  placed  fish  in  solutions  of 
the  individual  salts  occurring  in  Devils  Lake  with  the  highly  remarkable 
results  that  in  some  cases  the  fish  continued  to  live  at  concentrations 
higher  than  the  concentration,  of  that  specific  salt  in  the  lake,  and  in 
some  instances  at  concentrations  of  the  salt  higher  than  the  total  salt 
concentration  in  the  lake,  He  concluded  that  although  the  individual 
salts  when  used  separately  were  not  fatal  to  the  fish  at  such  concen- 
tration the  effect  was  probably  to  be  ascribed  to  their  combined  action. 

From  the  chemical  point  of  view  the  conclusion  reached  from  these 
experiments  seemed  very  doubtful.  It  also  seems  improbable  that  fish 
could  not  be  bred  to  tolerate  the  osmotic  pressure  prevailing  in  the  lake 
which  is  much  less  than  that  of  sea  water.  All  of  the  facts  noted  above 
when  considered  together  point  clearly  to  the  possibility  that  we  may  be 
dealing  with  a  problem  in  chemical  toxicology,  and  this  suggestion  was 
made.  Although  the  station  had  been  discontinued,  and  active  biological 
work  abandoned,  the  interest  in  this  problem  was  such  as  to  impel  us  to 
satisfy  our  chemical  curiosity.  Accordingly  samples  were  collected  in 
scrupulously  clean  glass  vessels  and  were  subjected  to  more  minute 
chemical  investigation,  with  the  interesting  result  that  about  15  parts 
per  million  of  zinc  were  detected  in  the  samples.  The  zinc  was  obtained 
both  as  sulphide  and  colorimetrically.  The  first  sample  was  collected  in 
May  and  an  independent  sample  in  September.  Both  samples  gave  prac- 
tically the  same  results. 

A  few  experiments  were  then  made  with  small  fish  by  placing  a 
number  of  them  in  a  solution  of  zinc  chloride  containing  a  concentra- 
tion of  zinc  equal  to  that  found  in  the  lake.  Some  of  them  died  in  one 
hour  and  all  of  them  were  dead  in  less  than  8  hours.  Some  of  the 
same  varieties  of  fish  were  placed  in  Devils  Lake  water  and  all  of  them 
died  in  a  few  hours.  All  of  the  control  fishes  lived  many  months  after 
the  conclusion  of  these  experiments. 

This  search  for  zinc  was  suggested  by  the  knowledge  that  a  trans- 
continental railway  which  runs  for  many  miles  through  the  drainage 
basin  uses  railway  ties  which  are  treated  with  zinc  chloride  solution  to 
delay  decay.  I  am  informed  that  this  use  of  treated  ties  has  continued 
for  a  number  of  years  during  which  time  many  replacements  have  been 
made,  and  it  is  the  practice  of  the  company  to  burn  the  old  ties  on  the 
right-of-way.  The  conclusion  seems  justified  that  some  of  this  zinc 
chloride  has  found  its  way  into  the  lake  through  the  inflow  of  surface 
and  ground  waters. 

Without  presuming  to  minimize  other  factors  which  may  be  involved, 
we  believe  we  have  found  the  "Devil"  in  Devils  Lake.  This  observation 
obviously  opens  up  a  field  of  interesting  study  for  the  biologist  and  bio- 
chemist in  the  investigation  of  the  specific  toleration  of  various  species 
of  flora  and  fauna  toward  dilute  zinc  solutions. 
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THE  EFFECT  OF  ULTRA  VIOLET  LIGHT  AND  X-RAYS 
ON  THE  STABILITY  OF  MATTER. 


Arthur  L.  Foley,  Indiana  University. 

Some  fifteen  years  ago  the  writer  began  an  investigation  having 
to  do  with  the  question  of  the  transformation  of  matter.  At  that  time 
the  subject  was  beclouded  with  conflicting  theories  and  speculations,  due 
largely  to  the  apparently  contradictory  results  reported  by  many  experi- 
menters. There  were  many  groups  between  those  who  believed  that  all 
matter  is  in  a  state  of  transformation  and  those  who  held  that  there 
was  no  conclusive  evidence  of  the  transformation  of  any  chemical  ele- 
ment into  another  element.  The  former  were  eager  to  accept  the  state- 
ment that,  by  the  time  changes  observed  in  their  spectra,  certain  gases  in 
vacuum  tubes  had  been  shown  to  be  undergoing  transformation.  Some 
of  the  latter  denied  the  reality  of  any  such  changes.  Others  resorted 
to  clivers  methods  in  attempting  to  account  for  the  source  of  the  matter 
responsible  for  the  new  spectral  lines  which  had  been  observed. 

Perhaps  the  most  common  "explanation"  by  those  who  objected  to 
the  idea  that  matter  can  be  transformed  was  that  the  new  lines  were 
due  to  gas  occluded  on  the  walls  of  the  tube  or  the  surface  of  the 
metal  electrodes,  and  gradually  liberated  in  the  partial  vacuum.  Others 
thought  the  gas  might  have  been  contained  within  the  material  of  the 
tube  walls  or  electrodes,  and  slowly  liberated.  Some  advanced  the  idea 
that  the  gas  might  have  diffused  through  the  tube  walls,  through  the 
electrodes,  or  between  the  two  where  the  electrodes  were  sealed  in.  One 
went  so  far  as  to  suggest  that  an  electric  discharge  through  a  tube 
might  carry  gas  into  it,  like  a  current  through  an  electrolyte.  The 
wildest  speculation  was  that  electricity  itself  is  the  "stuff"  from  which 
all  matter  is  made,  and  that  some  had  been  trapped  in  the  tubes  and 
matter  created. 

The  writer  hoped  to  eliminate  some  of  the  above  "explanations"  by 
using  electrodeless  tubes  of  two  different  materials.  There  was  no 
electric  discharge  through  the  tube,  there  were  no  seals  for  leakage,  and 
there  were  no  metal  electrodes  to  liberate  absorbed  or  adsorbed  gases. 
The  objections  above  named  were  thus  reduced  to  two,  the  question  of 
the  porosity  of  the  tube  walls,  and  the  gas  absorbed  or  adsorbed  by 
those  walls.  The  weight  of  these  two  objections  should  be  increased  or 
lessened  somewhat  by  the  use  of  both  quartz  and  glass  tubes,  as  both 
materials  would  not  be  expected  to  have  the  same  porosity,  absorption 
or  adsorption,  and  the  same  reaction  to  X-rays  and  ultra-violet  light. 

All  the  tubes  used  in  this  study  were  of  the  dumb  bell  type,  12  cm. 
long,  with  cylindrical  bulbs  2  cm.  in  diameter  and  4  cm.  long,  connected 
by  a  capillary  4  cm.  long.  There  were  two  quartz  tubes  and  two  glass 
tubes  of  each  of  the  gases — argon,  bromine,  chlorine,  carbon  dioxide, 
helium,    hydrogen,    iodine,    nitrogen,    oxygen,    sulphur    dioxide,    watery 

"Proc.  Incl.   Acad.   Sci.,  vol.  34,  1924    (1925)." 
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vapor  and  xenon,  and  two  quartz  tubes  of  carbon  monoxide,  krypton  and 
neon. 

Another  series  of  tubes  of  the  same  shape  and  size  as  the  gas  tubes 
above  named  was  made  by  washing  out  the  tubes  with  nitrogen  and  then 
including  in  each  of  the  cylindrical  bulbs  in  a  rarefied  nitrogen  atmos- 
phere from  one  to  ten  grams  of  some  "chemically  pure"  metal,  the 
amount  depending  on  the  density  of  the  element  and  its  cost  per  gram 
There  were  two  quartz  and  two  glass  tubes  for  each  of  the  elements- 
mercury,  thorium  and  uranium.  There  were  two  glass  tubes  for  each 
of  the  elements — aluminum,  antimony,  arsenic,  barium,  bismuth,  cad- 
mium, copper,  magnesium,  manganese,  selenium,  sulphur  and  tin.  All 
the  tubes,  both  quartz  and  glass,  were  filled,  pumped  and  sealed  by  the 
late  Sir  William  Ramsey. 

The  spectrograms  were  made  with  a  large  Hilger  quartz  spectro- 
graph using  8x10  inch  dry  plates.  Light  from  the  capillary  of  the 
dumb  bell  vacuum  tubes  was  focussed  directly  on  the  slit  of  the  spec- 
trograph by  means  of  two  quartz  lenses,  one  of  them  a  cylindrical  lens. 
A  strip  of  tin  foil  wrapped  about  each  of  the  large  cylindrical  ends  of 
the  tubes  formed  a  sort  of  condenser,  which  was  connected  in  parallel 
with  a  glass  plate  condenser  of  about  200  cm.  capacity,  both  condensers 
being  in  parallel  with  a  0.5  cm.  spark  gap  between  small  brass  spheres. 
This  system  was  connected  through  a  short  series  spark  gap  in  each 
line,  to  a  20,000  volt  transformer  operated  by  a  60  cycle,  110  volt  cur- 
rent. When  the  potential  of  the  transformer  rose  to  the  point  that  a 
spark  jumped  the  two  series  gaps  the  condensing  system  was  charged. 
This  in  turn  discharged  through  the  shorter  gap  in  parallel  with  it, 
the  oscillations  being  more  or  less  independent  of  the  transformer  cir- 
cuit. Thus  the  vacuum  tubes  were  operated  entirely  by  induction,  and 
as  a  consequence  much  longer  exposures  were  necessary  than  would  have 
been  required  with  electrode  tubes.  The  adjustable  wedge  in  front  of 
the  slit  of  the  spectrograph  was  set  to  give  a  slit  length  of  0.6  cm.,  and 
the  plate  exposed  40  minutes.  Without  disturbing  any  of  the  adjust- 
ments the  slit  was  then  lengthened  to  1.4  cm.  and  the  plate  exposed  15 
minutes.  Finally  the  slit  was  lengthened  to  2.5  cm.  and  the  plate  ex- 
posed five  minutes.  Consequently  each  line  in  the  spectrogram  had  three 
different  times  of  exposure,  the  two  ends  an  exposure  of  five  minutes, 
the  center  of  60  minutes,  and  the  portion  between  of  20  minutes.  These 
times  of  exposure  were  varied  somewhat  with  different  tubes  in  order 
to  bring  out  as  clearly  as  possible  both  the  strong  and  weak  lines  in  a 
given  spectrogram.  As  the  tubes  aged  it  was  necessary  to  increase  the 
times  of  exposure — in  some  cases  to  as  much  as  five  hours.  The  final 
spectrogram  of  one  of  the  mercury  tubes  could  not  be  taken  until  the 
tube  had  been  heated  to  restore  its  luminosity. 

1.  Quartz  Tubes  Exposed  to  Ultra- Violet  Light. — After  taking  the 
spectrograms  of  the  36  quartz  tubes,  two  of  each  of  the  elements  prev- 
iously enumerated,  one  of  each  pair  of  tubes  was  marked  A  and  the 
other  B.  The  A  tubes  were  laid  away  in  a  light  tight  cabinet  to  be 
used  only  as  a  check  against  possible  time  changes  in  case  any  change 
was  found  in  the  spectrograms  of  any  of  the  B  tubes,  after  exposure  to 
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ultra-violet  light.  The  B  tubes  were  arranged  in  two  closely  packed 
rows  at  distances  ranging  from  15  cm.  to  25  cm.  from  a  400  watt  mer- 
cury arc  in  quartz. 

The  neck  (capillary)  of  each  tube  was  thoroughly  shielded  from 
the  rays  from  the  arc,  to  guard  against  any  effect  the  radiation  might 
have  on  its  transparency.  After  exposing  the  18  B  quartz  tubes  14 
hours  per  day  for  20  days,  a  total  of  280  hours,  spectrograms  were 
made  of  each  of  them  and  compared  with  the  spectrograms  of  the  same 
tubes  taken  before  exposure  to  ultra-violet  radiation. 

Altogether  six  spectrograms  were  taken  of  each  of  the  36  quartz 
tubes— 18  A  tubes  and  18  B  tubes.  The  six  spectrograms  were  taken 
after  exposure  of  the  B  tubes  to  ultra-violet  light  for  periods  of  0 
hours,  280  hours,  1,000  hours,  2,000  hours,  4,000  hours  and  8,000  hours. 
A  study  was  made  of  the  spectrograms  of  the  A  tubes  to  determine 
whether  or  not  there  were  any  time  changes.  The  B  tube  spectrograms 
were  studied  to  determine  whether  or  not  they  showed  any  changes  not 
shown  on  the  A  tube  spectrograms  which  might  be  attributed  to  the 
action  of  ultra-violet  light.  The  study  was  interrupted  by  the  war, 
but  was  resumed  four  years  ago.  I  have  carried  the  study  as  far  as 
it  seems  practicable  with  the  spectrograms  on  hand.  These  were  made 
on  a  large  Hilger  quartz  spectrograph  and  the  wave  length  scale  was 
photographed  on  every  plate.  However,  this  scale  does  not  permit  of  a 
sufficiently  accurate  estimation  of  wave  lengths  to  enable  a  positive 
identification  of  some  of  the  lines  appearing  on  the  plates.  Before  this 
can  be  done  it  will  be  necessary  to  take  another  series  of  spectrograms 
with  an  iron  or  other  comparison  spectrum  on  every  plate.  Inasmuch 
as  the  press  of  other  duties  will  prevent  my  continuing  this  study  in  the 
near  future  I  am  publishing  a  brief  statement  of  my  results  to  date. 

2.  Glass  Tubes  Exposed  to  X-Rays. — The  procedure  for  testing  the 
effect  of  X-rays  on  matter  contained  in  a  vacuum  tube  differed  from 
that  already  described  for  determining  the  effect  of  ultra-violet  light 
only  in  that  the  quartz  arc  lamp  was  replaced  by  an  X-ray  tube  and 
glass  tubes  were  used  instead  of  the  more  expensive  quartz  tubes  re- 
quired for  the  ultra-violet  light  experiment.  Various  types  of  X-ray 
tubes  were  used  at  different  times — all  operated  by  an  eight-inch  heavy 
discharge  induction  coil.  The  intensity  of  the  X-rays  differed  consider- 
ably from  time  to  time,  and  no  attempt  was  made  to  keep  the  intensity 
constant  or  to  measure  it.  On  the  average,  however,  the  rays  were 
somewhat  harder  than  are  used  for  fluoroscopic  work  and  of  an  intensity 
that  would  have  given  a  good  radiograph  of  the  hand  in  two  seconds 
if  the  hand  had  been  held  at  the  same  distance  from  the  X-ray  tube 
that  the  spectral  tubes  were  placed. 

There  were  27  pairs  of  glass  tubes,  two  for  each  of  the  elements 
previously  named.  The  procedure  was  practically  the  same  as  was  fol- 
lowed with  the  quartz  tubes.  After  taking  spectrograms  of  all  the 
tubes,  one  of  each  pair  was  labeled  A  and  laid  away  as  a  check.  The 
others  were  marked  B,  and  were  exposed  to  X-rays  for  10  hours,  and 
their  spectrograms  again  taken.     Succeeding  series  of  spectrograms  were 


188  Proceedings  of  Indiana  Academy  of  Science 

taken  after  exposures  of  20  hours,  50  hours  and  150  hours.  Only  the 
cylindrical  ends  of  the  tubes  were  exposed  to  the  X-rays,  the  necks 
(capillaries)  being  screened  behind  strips  of  sheet  lead  0.6  cm.  thick. 
All  the  X-ray  exposures  were  made  soon  after  starting  the  experiment, 
before  the  modern  powerful  X-ray  apparatus  was  available. 

Results 

1.  Quartz  Tubes  Exposed  to  Ultra-Violet  Light.  Bromine,  Xenon. 
— These  gases  showed  no  change  in  their  spectra  except  the  gradual  de- 
crease in  spectral  intensity  which  spark  tubes  usually  exhibit  with  use. 

Argon. — The  argon  spectrum  at  first  contained  numerous  mercury 
lines.  These  lines  soon  disappeared  from  the  A  plates,  later  from  the 
B  plates.     There  was  no  apparent  change  in  the  argon  spectrum. 

Sulphur-Dioxide. — The  spectrograms  from  the  sulphur  dioxide  tubes 
showed  very  numerous  lines  of  other  substances,  water  vapor  lines  being 
very  prominent.  There  were  also  a  few  weak  mercury  lines  and  cyano- 
gen heads,  and  a  very  strong  carbon  line  at  2478.  There  was  as  much 
variation  in  line  intensity  amongst  the  plates  from  one  tube,  as  from  the 
two  tubes — A  and  B.  It  appeared,  however,  that  the  watery  vapor  and 
mercury  lines  tended  to  decrease  in  intensity  and  the  carbon  and  cyano- 
gen lines  to  increase.  Ha  6563  appeared  on  plates  near  the  end  of  the 
series. 

Helium. — A  few  mercury  lines  and  several  weak  nitrogen  bands 
which  appeared  in  the  first  of  the  series,  gradually  disappeared,  leaving 
a  helium  spectrum  of  increased  brilliancy  on  the  later  plates.  The  in- 
crease in  intensity  was  particularly  noticeable  in  line  He  3820.  This 
is  in  accord  with  the  well  known  fact  that  the  vacuum  tube  spectrum  of 
helium  in  the  presence  of  impurities  increases  in  brilliancy  with  a  de- 
crease in  pressure  in  the  tube.  Such  a  decrease  in  pressure  doubtless 
resulted  from  continued  sparking  of  the  tubes. 

Hydrogen. — Mercury  lines  appeared  in  both  A  and  B  spectra,  being 
much  stronger  in  A.  Succeeding  plates  showed  no  change  in  the  spectra 
except  a  gradual  decrease  of  intensity  of  all  lines.  The  line  H<^  4102 
appeared  on  the  first  plate  of  the  A  series,  but  not  on  any  other  plate 
of  either  series. 

Carbon  Dioxide. — A  few  mercury  and  carbon  bands,  numerous  car- 
bon dioxide  bands,  and  some  carbon  lines  appeared  on  early  plates.  Later 
plates  showed  a  gradual  change  of  these  bands  into  line  spectra,  with 
considerable  change  in  the  relative  intensity  of  some  of  the  lines.  C02 
4131  was  much  stronger  on  the  later  plates.  C  3580,  strong  on  A 
plates,  was  absent  from  B  plates.  Line  Hg  3544  was  present  on  both  but 
was  much  stronger  and  sharper  on  A  plates.  Hg  2536  completely  dis- 
appeared on  the  last  of  the  B  series. 

Carbon  Monoxide. — Numerous  mercury  lines  appeared  on  early 
plates  from  both  A  and  B  tubes,  being  particularly  strong  on  the  A 
plates.  Many  of  these  completely  disappeared  from  later  plates  of 
both  series.     The  strong  line  Hg  2536,  one  of  the  most  persistent  in  most 
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spectrograms,  was  not  found  on  the  later  plates  from  the  carbon  mon- 
oxide tubes.     The  same  may  be  said  of  Hg  3023. 

Lines  C  3167  and  N  3371  appeared  on  B  plates  only  and  with  in- 
creasing sharpness  and  decreasing  width.  Of  the  four  lines  of  the 
cyanogen  group  iv.,  the  two  inner  lines  were  greatly  weakened  on  B 
plates  and  all  four  sharpened  on  A  plates. 

Neon. — Both  the  A  and  B  neon  tubes,  supposed  to  have  been  filled 
with  pure  neon,  gave  spectra  with  numerous  mercury  lines  and  nitrogen 
bands.  In  fact,  only  a  few  neon  lines  appeared  except  in  the  red.  How- 
ever, the  mercury  and  nitrogen  spectra  were  profoundly  affected  by  the 
neon.  Certain  mercury  lines  appeared  on  the  plate  that  did  not  appear 
on  the  plates  from  mercury  tubes  except  under  prolonged  exposure,  and 
some  mercury  lines  that  appeared  very  strong  on  the  mercury  plates 
were  weak  or  absent  entirely  from  the  neon  plates.  The  head  lines  of 
the  nitrogen  bands  were  much  weaker  than  on  the  spectra  from  nitrogen 
plates,  but  the  weaker  members  of  the  bands  were  more  intense  on  the 
neon  plates.  In  other  words,  the  lines  in  the  nitrogen  bands  on  the 
plates  made  from  the  neon  tubes  were  of  much  more  nearly  uniform  in- 
tensity than  on  the  plates  made  from  the  nitrogen  tubes.  Some  un- 
identified lines  appear  on  some  of  the  plates.  Many  lines  with  feathery 
edges  toward  the  violet  appear  as  sharp  lines  on  the  later  plates. 

Krypton. — Only  two  changes  were  observed  in  the  krypton  spec- 
trum. Later  B  plates  showed  some  variation  in  the  intensities  of  the 
lines  as  compared  with  earlier  plates  in  the  series,  particularly  in  the 
region  near  4400.  Further,  near  4500,  three  lines  appeared  on  later 
plates  where  there  were  but  two  on  earlier  plates. 

Chlorine. — Most  of  the  lines  on  the  chlorine  plates  were  nitrogen 
lines,  the  nitrogen  heads  being  sharper  on  the  chlorine  plates  and  not 
fading  away  so  rapidly  toward  the  violet  as  in  the  plates  from  nitrogen 
tubes.  The  violet  edges  of  the  lines  were  not  so  feathery.  However, 
the  chief  difference  is  in  the  fact  that  the  chlorine  plate  showed  four 
lines  between  3847  and  3881  while  the  nitrogen  lines  to  the  red  end  were 
very  much  weaker  than  in  the  nitrogen  plate  on  which  there  were  four 
lines  between  3870  and  3942.  The  first  group  of  four  showed  an  exact 
correspondence  with  some  of  the  mercury  plates,  and  the  last  four  with 
some  of  the  nitrogen  plates.  Both  groups  appeared  on  the  later  nitro- 
gen plates  from  glass  tubes. 

Iodine. — The  iodine  lines  agreed  in  position  but  differed  enormously 
in  relative  intensity  from  the  figures  given  in  spectrum  tables.  B  plates 
showed  a  progressive  increase  in  sharpness  and  number  of  the  individual 
lines  and  a  decrease  in  the  density  of  the  band  areas. 

Nitrogen. — The  first  nitrogen  plates  showed  mercury  lines  from 
both  A  and  B  tubes,  the  line  Hg  2536  being  particularly  strong.  This 
line,  together  with  3032,  soon  disappeared  from  the  B  plates  but  main- 
tained its  strength  on  the  A  plates.  New  lines  at  2528  and  at  2605  ap- 
peared on  the  later  B  plates.  Plates  of  the  B  series  showed  the  nitro- 
gen lines  stronger  on  B  than  on  A  in  the  violet  end  of  the  spectrum. 

Oxygen. — Besides  a  few  oxygen  lines,  both  the  A  and  B  plates 
showed  a   number   of  mercury  lines,  some   common  to  both   series   and 
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some  on  each  series  not  found  at  all  on  plates  of  the  other  series.  The 
mercury  lines  gradually  disappeared  from  both  series,  the  rate  being 
greatest  in  the  case  of  the  B  plates. 

Watery  Vapor. — Plates  from  quartz  tubes  showed  no  marked  change 
in  the  spectrograms  of  either  the  A  or  B  series.  Many  of  the  stronger 
lines  and  bands  were  clearly  due  to  nitrogen  and  mercury,  the  latter  in 
some  instances  being  stronger  than  on  the  plates  from  mercury  tubes. 
But  few  watery  vapor  lines  were  identified. 

Quartz  Tubes  Containing  Metals  in  a  Rarefied  Nitrogen  Atmosphere. 

— Mercury. — In  addition  to  the  mercury  spectrum,  the  earlier  plates  of 
both  the  A  and  B  series  showed  several  hydrogen  lines  and  traces  of 
several  of  the  cyanogen  bands,  the  stronger  ones  heading  at  3883.  Later 
plates  in  the  series  showed  a  fading  out  of  both  the  cyanogen  and 
hydrogen  lines  in  addition  to  many  of  the  weaker  lines  of  the  mercury 
spectrum.  The  mercury  spectrum  of  the  B  tube  near  the  close  of  the 
series  became  so  weak  that  it  was  concluded  to  heat  the  tube  in  a  Bun- 
;en  burner  to  restore  its  luminosity.  The  tube  was  not  heated  to  a  very 
high  temperature — probably  to  about  400°  C.  The  spectrum  of  this  re- 
heated tube  was  very  different  from  its  spectrum  before  heating.  The 
cyanogen  band  heading  at  3883  now  came  out  very  strong,  as  did  also 
some  of  the  hydrogen  lines — particularly  the  line  He  6563,  which  did 
not  appear  at  all  on  most  of  the  early  plates.  On  the  plate  from  the 
reheated  tube  it  was  very  strong.  All  the  lines  in  the  spectrum  of  the 
reheated  tube  were  very  much  sharper  than  before  heating.  Extending 
from  about  3095  to  3165  there  was  a  series  of  fine  lines  closely  packed, 
apparently  almost  equally  spaced  and  of  equal  intensity,  each  edge  of 
the  band  being  terminated  by  a  line  of  greater  intensity  than  the  others. 
The  mercury  lines  3126  and  3132  were  very  strong  and  sharp  almost 
at  the  center  of  this  band.  There  was  no  appearance  of  this  band  on 
any  of  the  earlier  plates  of  either  series.  The  most  conspicuous  feature 
of  the  mercury  plate  from  the  reheated  tube  is  the  appearance  of  a 
strong  and  sharp  pair  of  lines  at  about  3360  and  3370 — the  longer  com- 
ponent of  the  pair  appears  on  earlier  mercury  plates,  the  CO?  plates, 
nitrogen,  krypton  and  chlorine  plates,  which  show  some  nitrogen  lines. 
Both  lines  of  the  pair  appear  on  hydrogen  plates,  being  much  stronger 
on  the  B  series.  The  pair  appears  on  xenon  plates  with  the  shorter 
component  much  stronger  than  the  other.  The  pair  does  not  appeal* 
on  plates  from  other  elements.  It  would  appear  that  the  longer  com- 
ponent might  be  N  3371  and  the  shorter  Cy  3361.  Spectrum  tables  give 
both  these  lines  as  being  hazy  toward  the  violet,  but  such  is  not  the  case 
here.  The  carbon  plates  show  a  pair  of  lines  at  about  this  position  but 
with  a  separation  of  only  .6,  while  here  it  is  1.1. 

Nitrogen-Thorium  and  Nitrogen-Uranium. — Spectra  from  the  nitro- 
gen-thorium and  nitrogen-uranium  tubes  show  nothing  but  the  nitrogen 
spectrum,  along  with  a  few  mercury  lines.  The  mercury  lines  grew 
weaker  and  many  disappeared  in  the  later  plates  of  the  series. 

2.  Glass  Tubes  Exposed  to  X-Rays. — Bromine. — The  bromine  spec- 
trograms from  the  A  and  B  glass  tubes  were  alike  but  they  were  unlike 
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those  from  the  bromine  quartz  tubes  in  that  the  relative  intensities  of 
the  spectral  lines  were  very  different.  No  spectral  changes  except  a 
gradual  decrease  in  intensity. 

Xenon. — Same  as  for  quartz  tubes. 

Argon. — No  change  except  in  the  relative  intensities  of  some  of 
the  lines. 

Sulphur  Dioxide. — Spectrograms  from  glass  tubes  containing  this 
gas  showed  even  greater  anomalies  than  were  shown  by  the  quartz  tube 
spectrograms.  In  addition  to  the  lines  present  in  the  latter,  the  former 
contained  some  nitrogen  lines.  The  variation  in  line  intensities  was 
more  pronounced. 

Helium. — Early  plates  showed  several  mercury  and  hydrogen  and 
many  nitrogen  lines,  chiefly  in  the  nitrogen  bands.  As  in  the  case  of 
the  quartz  tubes,  these  lines  faded  out  and  the  helium  spectrum  increased 
in  brilliancy  as  the  series  progressed.  The  hydrogen  lines  persisted 
longer  than  did  the  mercury  or  nitrogen  lines. 

Hydrogen. — The  glass  tubes  showed  more  mercury  lines  than  did 
the  quartz  hydrogen  tubes.  Succeeding  plates  showed  little  variation 
in  the  intensity  of  the  lines  due  to  these  impurities,  except  in  the  case 
of  line  Hg  3984,  which  did  not  appear  on  the  last  plates  of  the  B  series. 

Carbon  Dioxide. — Mercury  and  carbon  bands  were  stronger  in  the 
spectra  from  glass  tubes  than  from  those  of  quartz,  and  did  not  fade 
out  or  change  over  to  line  spectra  as  rapidly  as  in  the  case  of  the 
quartz  tubes. 

Chlorine. — The  plates  showed  similar  changes  to  those  observed  in 
the  case  of  chlorine  in  quartz,  except  that  the  changes  were  not  so 
pronounced. 

Iodine. — Same  result  as  for  quartz  tubes. 

Oxygen. — The  glass  tubes  exposed  to  X-rays  gave  the  same  result 
as  quartz  tubes  exposed  to  ultra-violet  light. 

Watery  Vapor. — There  was  a  marked  difference  between  the  spectra 
of  the  A  series  and  B  series,  lines  of  the  former  being  quite  strong,  of 
the  latter  very  weak.  There  was  considerable  difference,  too,  between 
the  watery  vapor  spectrograms  of  the  glass  and  quartz  tubes,  more 
differences  than  correspondences. 

Glass  Tubes  Containing  Metals  in  a  Rarefied  Nitrogen  Atmosphere. 

Nitrogen-Mercury . — Both  mercury  and  nitrogen  spectra  strong.  A 
and  B  spectra  practically  identical  with  little  change  in  either  except  a 
gradual  diminution  of  intensity  of  all  lines. 

Nitrogen-Thorium  and  Nitrogen-Uranium. — Glass  tubes  containing 
these  elements  gave  practically  the  same  spectra  as  did  the  quartz  tubes, 
minus,  of  course,  the  extreme  violet  end  of  the  spectrum.  Many  of  the 
lines,  particularly  from  the  nitrogen-thorium  tube,  appeared  to  match 
those  obtained  from  the  watery  vapor  tube. 

Nitrogen- Aluminum,  Nitrogen- Arsenic  and  Nitrogen-Copper. — There 
was  not  a  trace  of  a  mercury  line  on  any  of  the  plates.     All  the  lines 
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were  nitrogen  lines  and  like  those  of  the  B  series  for  nitrogen  in  quartz 
lubes,  except  that  both  ends  of  the  spectrograms  were  very  weak  on  all 
plates. 

Nitrogen- Antimony. —  The  lines  of  the  nitrogen  band  near  3900  are 
more  pronounced  on  B  plates  than  on  A  plates. 

Nitrogen-Barium: — Early  plates  had  some  lines  of  nitrogen,  mer- 
cury, hydrogen  and  watery  vapor.  Later  plates  showed  a  suppression 
of  all  the  lines  except  those  of  hydrogen.  Even  the  nitrogen  lines  had 
completely  disappeared  from  the  later  plates.  Strangely  enough,  barium 
line  4283  appears  in  both  series  of  plates,  being  stronger  in  the  A  plates. 

Nitrogen-Bizmuth,  .  Nitrogen-Magnesium  and  Nitrogen-Selenium. — 
Spectrum  entirely  due  to  nitrogen.  No  change  except  a  gradual  change 
in  intensity. 

Nitrogen-Cadmium. — The  early  plates  exhibit  fairly  strong  nitro- 
gen and  mercury  lines,  and  a  few  very  weak  hydrogen  lines.  The 
plates  from  both  series  of  tubes  show  a  decrease  in  the  intensity  of 
the  nitrogen  lines.  The  last  series  of  the  plates  show  no  nitrogen  or 
mercury  lines  whatever,  the  spectrum  being  entirely  due  to  hydrogen. 
Similar  change  to  that  shown  on  nitrogen-barium  plates. 

Nitrogen-Manganese. — A  weak  nitrogen  spectrum  with  hydrogen  line 
6563.  The  pair  at  3360  and  3370,  mentioned  under  quartz-mercury,  are 
the  most  prominent  of  any  of  the  lines  on  the  plate.  No  time  change 
apparent. 

Nitrogen-Sulphur. — The  lines  on  the  A  and  B  series  agree  in  posi- 
tion but  differ  in  intensity.  The  sulphur  line  4525  appears  strong  on 
plates  of  the  A  series,  with  less  intensity  on  the  plates  of  the  B  series. 
Nitrogen  lines,  however,  are  more  intense  on  the  latter.  No  time 
change  was  observed. 

Nitrogen-Tin. — The  vacuum  in  these  tubes  appeared  to  be  very  high, 
and  good  spectra  were  not  obtained.  The  plates  showed  several  hydrogen 
and  a  few  nitrogen  lines.     No  time  change  was  observed. 

It  is  impossible  to  summarize  the  results  of  this  investigation.  The 
foregoing  are  only  a  few  of  thousands  of  notes  jotted  down  as  the  study 
was  going  on.  All  together,  more  than  five  hundred  spectrograms  were 
studied,  and  on  many  of  them  the  wave  length  and  intensity  of  every 
line  were  measured.  Nevertheless,  there  are  on  some  of  the  plates 
numerous  lines  of  somewhat  uncertain  origin,  and  some  others  whose 
wave  length  and  intensity  do  not  even  approximately  match  with  lines 
for  any  element  whatever.  The  uncertainty  is  further  emphasized  by 
the  fact  that  the  author  has  not  found  any  agreement  whatever  between 
the  wave  lengths  and  intensities  of  many,  too  often  most,  of  the  lines 
attributed  by  different  observers  to  the  same  substance.  Notwithstand- 
ing the  enormous  amount  of  work  already  done  in  mapping  spectra,  it 
appears  that  an  even  greater  amount  remains  to  be  done  before  com- 
plete, dependable  spectral  tables  are  available.  Nevertheless,  it  would 
seem  that  this  investigation  warrants  the  following  conclusions: 

1.  The  most  skilled  chemist  can  not,  in  most  cases,  insure  the  abso- 
lute purity  of  the  gas  in  a  spectral  tube  and  can  not  in  some  cases 
produce  two  spectral  tubes  that  will  yield  identical  spectra. 
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2.  Spectra  obtained  from  electrode  and  electrodeless  tubes  sup- 
posed to  contain  the  same  gas  differ  considerably,  particularly  in  the 
relative  intensities  of  their  lines  and  the  intensities  of  the  lines  due  to 
impurities. 

3.  The  spectra  of  electrodeless  tubes  vary  with  the  potential,  ca- 
pacity and  inductance  of  the  electrical  circuit,  just  as  in  the  case  of 
eletrode  tubes,  though  to  a  smaller  degree. 

4.  Electrodeless  tubes  exhausted  with  a  mercury  pump  show  mer- 
cury lines  unless  the  mercury  vapor  is  absorbed  before  or  after  entering 
the  tube.  Such  metals  as  aluminum,  arsenic,  copper  and  tin,  introduced 
into  a  vacuum  tube,  gradually  absorb  the  mercury  vapor  and  thus  free 
the  spectrum  of  mercury  lines. 

5.  The  gradual  increase  in  the  vacuum  of  spectral  tubes  in  use, 
and  consequently  the  usual  gradual  decrease  in  spectral  brilliancy,  is 
just  as  marked  in  the  case  of  electrodeless  tubes  as  with  electrode  tubes 
containing  the  same  gas. 

6.  The  rate  at  which  the  gases  disappear  in  quartz  and  glass 
vacuum  tubes  in  use  is  about  the  same,  but  exposure  to  ultra-violet  light 
and  X-rays  changes  the  rate  somewhat,  increasing  the  rate  in  some 
gases  much  more  than  in  others. 

7.  Heating  a  mercury-quartz  tube  whose  vacuum  has  become  too 
high,  profoundly  changes  the  tube's  spectrum. 

8.  The  amount  of  gas  liberated  from  granulated  metal  contained 
in  rarefied  nitrogen  gas  within  a  glass  tube  is  very  small,  not  detectable 
in  most  cases,  even  though  the  metal  be  exposed  to  X-rays  for  150  hours. 

9.  There  is  nothing  in  this  investigation  with  electrodeless  tubes 
that  supports  the  objections  urged  against  previous  investigations  with 
electrode  tubes  that  the  spectral  changes  observed  were  due  to  leakage 
about  the  electrodes,  disintegration  of  the  electrodes,  electricity  "trapped 
in  the  tube"  or  to  the  electric  transport  of  matter.  Some  of  the  spectral 
changes  observed  with  electrodeless  tubes  are  fully  as  marked  as  with 
electrode  tubes. 

10.  Bands  in  the  early  spectrograms  of  carbon  dioxide,  nitrogen 
and  to  a  lesser  degree  of  iodine,  mercury  and  a  few  others,  gradually 
gave  place  in  later  spectrograms  to  lines  of  these  elements.  The 
spectral  lines  became  increasingly  sharper  and  of  more  nearly  uniform 
intensity. 
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at  Geneva,  Illinois.  The  Trustees  of  the  Elizabeth  Thompson  Science 
Fund  made  the  grant  which  enabled  me  to  purchase  the  vacuum  tubes 
used  in  this  investigation.  Colonel  Fabyan  provided  the  funds  with 
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studying  spectrograms. 
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SOME  UNTENABLE  ACOUSTIC  THEORIES. 


Abstract. 
Arthur  L.  Foley,  Indiana  University. 

The  fact  that  the  mathematical  theory  of  acoustics  is  based  on  the 
assumption  of  infinitely  small  displacements  of  the  vibrating  particles 
and  the  further  fact  that  experiments  have  proven  that  these  displace- 
ments are  actually  exceedingly  small  except  in  the  case  of  very  loud 
sounds,  are  known  and  accepted  by  all  physicists.  Nevertheless,  many 
of  us  persist  in  making  deductions  and  forming  mental  pictures  entirely 
at  variance  with  these  facts. 

In  some  former  publications1  I  have  taken  exception  to  several 
generally  accepted  notions  as  to  how  sound  waves  act  when  passing 
into  and  through  tubes,  horns,  etc.  I  hold  that  sound  waves  do  not 
pass  through  a  "condensing"  horn  like  water  passes  through  a  funnel. 
Several  physicists  with  whom  I  have  talked  recently  had  seen  nothing 
wrong  with  the  "condenser"  theory.  They  thought  of  sound  waves  in 
a  funnel  as  if  they  were  air  disturbances  caused  by  moving  a  piston 
back  and  forth  in  one  end  of  the  funnel.  Whether  this  conception  is  a 
true  or  a  false  picture  of  what  happens  in  the  case  of  audible  sound 
waves  depends  altogether  on  how  the  piston  moves.  If  it  moves  with 
the  proper  frequency  and  with  very  small  amplitude  then  the  disturb- 
ance is  a  sound  wave  and  it  obeys  the  laws  of  sound  waves.  But  if 
the  piston  is  moved  slowly  or  through  a  considerable  distance,  then  the 
disturbance  is  not  propagated  as  a  sound  wave  at  all.  In  the  latter 
case  the  air  would  move  largely  as  a  mass,  and  the  velocity  of  its 
motion  would  be  greatest  in  the  small  part  of  the  funnel.  In  the  former 
case,  if  the  sound  were  not  very  intense,"  the  wave  would  travel  more 
slowly  in  the  smaller  part  of  the  funnel.  If  a  hole  were  made  in  the 
side  wall  of  the  small  cylindrical  end  of  a  funnel  a  slow  motion  of  the 
piston  producing  compression  would  cause  the  air  to  flow  out  of  the 
hole.  A  rapid  motion  would  cause  air  to  flow  in  at  the  hole  (Bernoulli's 
principle).  Many  other  differences  might  be  noted.  In  fact  the  two 
cases  are  wholly  different.  Pressure  is  the  important  consideration  in 
one  case,  inertia  in  the  other.  One  is  a  case  of  mass  motion;  the  other 
of  molecular  motion. 

When  a  sound  wave  strikes  a  wall  the  wall  should  not  be  thought 
of  as  vibrating  as  a  whole,  even  if  the  wall  be  thin.  The  wave  strikes 
one  side  of  the  wall  and  causes  the  molecules  to  vibrate  harmonically. 
The   disturbance   is    propagated   through   the    wall    as   a    wave    and    the 

1  The  Velocity  of  Sound  Waves  in  Tubes.  Proe.  Ind.  Acad.  Sci.,  1918,  pp.  205-213. 
A  Photographic  Study  of  Sound  Pulses  Between  Curved  Walls  and  Sound  Amplifica- 
tion  by   Horns.      Phys.   Rev.,    S.   S.,    Vol.   20.    No.   6,    Dec,    1922. 

2  A  Photographic  Method  of  Finding  the  Instantaneous  Velocity  of  Spark  Waves. 
Phys.   Rev.,   N.   S.,   Vol.    16,   No.   5,   pp.   449-463. 

"Proc.  Ind.  Acad.  Sci.,  vol.  34,  1924    (1925)." 
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molecules  on  the  two  opposite  faces  are  not  in  the  same  phase.  To  say 
they  are  vibrating  together  is  equivalent  to  saying  that  the  velocity  of 
sound  in  the  wall  is  infinite.  Of  course,  if  the  wall  were  very  thin  the 
phase  difference  on  the  two  faces  would  be  very  small  and  the  wall 
would  be  moving  approximately  as  a  whole.  But  if  the  wall  happened 
to  be  a  half  wave  in  thickness  the  molecules  on  the  two  faces  would  be 
moving  in  opposite  directions  all  the  time. 

Another  mistaken  idea  is  that  sound,  because  of  its  considerable 
wave  length,  can  not  be  reflected  appreciably  with  a  small  reflector. 
Except  in  so  far  as  the  coefficient  of  reflection  varies  with  frequency 
(and  the  rate  of  variation  is  generally  small),  the  per  cent  of  sound 
energy  reflected  by  a  given  reflector  is  entirely  independent  of  the  fact 
that  sound  waves  are  long  waves.  The  per  cent  of  sound  energy  re- 
flected is  a  function  of  the  coefficient  of  reflection  and  the  solid  angle 
subtended  by  the  reflector  as  seen  from  the  sound  source,  rather  than 
the  size  of  the  reflector.  Diffraction  as  the  waves  leave  the  reflector 
is  quite  another  matter.  Even  if  the  sound  source  is  at  the  focus  of  a 
parabolic  reflector  a  large  amount  of  energy  is  lost  by  diffraction.  Never- 
theless, a  considerable  quantity  of  the  reflected  energy  continues  in  the 
direction  of  the  axis  of  the  parabola  and  is  added  to  the  energy  originally 
started  in  that  direction. 

The  common  megaphone  shows  that  small  reflectors  function  with 
considerable  efficiency.  We  use  a  still  smaller  one  when  we  place  our 
hand  to  our  ear  to  aid  our  hearing. 

Waterman  Institute  for  Research, 
Indiana  University. 
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A  PHOTOGAPHIC  METHOD  FOR  THE  MEASUREMENT 

OF  THE  PER  CENT  OF  POLARIZATION  AND 

SOME  OF  ITS  APPLICATIONS. 


B.  A.  Howlett,  Indiana  University. 

In  many  problems  in  luminescence  the  ordinary  compensating  meth- 
ods for  the  measurement  of  the  per  cent  of  polarization  are  unsatis- 
factory because  the  low  intensity  makes  direct  observation  difficult.  It 
was  therefore  thought  advisable  to  attempt  some  method  which  would 
utilize    the    integrating    power    of    a    photographic    plate.      The    method 


Fig.    1.      Curve    showing    relation    between    per    cent    of    polarization    and    angle    of 
incidence  for  beam   of  light   transmitted   through   two   plane   parallel    glass   plates. 

finally  used  is  a  slight  modification  of  the  usual  compensating  plates. 
The  index  of  refraction  of  a  matched  pair  of  plane  parallel  glass  plates 
was  carefully  determined  and  then  the  per  cent  of  polarization  of  the 
transmitted  beam  was  computed  for  different  angles  of  incidence.  A 
curve  was  plotted  using  the  angles  of  incidence  as  absissae  and  the  per 
cent  of  polarization  as  orciinates.     Figure  1  shows  this  relation. 
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The  computation  of  the  per  cent  of  polarization  in  the  transmitted 
beam  depends  upon  the  equation  for  the  ratio  of  the  amplitudes  of  the 
vibration  in  the  plane  of  incidence  to  that  perpendicular  to  that  plane 

Dp 

as  derived  from  the  classical  theory, =  cos(cp-x). 

Ds 

If  the  light  passed  through  four  planes  as  it  does  with  two  plates, 
this  ratio  is  then  equal  to  cos4(<p-x).  The  ratios  of  the  intensities  would 
then  be  the  square  of  this  or  coss(9-x). 

If  then,  for  example,  we  take  an  angle  of  incidence  of  20°  with  the 

index  for  the  plates  of  1.5198  we  have  the  ratio  of  the  intensities  of  the 

two  beams  equal  to  .942.     The  per  cent  of  polarization  would  then  be 

the  ratio  of  the  difference  in  intensity  of  the  beams  to  their  combined 

.058 

intensity  or .     This  gives  a  computed  polarization  for  this  angle 

1.942 
of  incidence  of  3  per  cent. 

After  establishing  the  relation  between  the  angle  of  incidence  and 
per  cent  of  polarization  the  plates  were  mounted  on  the  table  of  a 
spectrometer  and  the  scale  read  when  they  were  adjusted  perpendicular 
to  the  collimator.  The  slit  was  then  removed  from  the  collimator  and 
the  lens    (L,,  fig.  2)    adjusted  so  the  source  of  light,  an  arc  A,  gave  a 

M  L2  N  B         P         L,        A 


Fig-.     2.       Diagram     of     apparatus     vised     to     obtain     the     comparison     negatives. 

beam  of  parallel  rays  incident  on  the  plates  P.  This  beam  after  trans- 
mission through  the  plates  next  fell  on  the  quartz  wedges  of  a  Babinet 
compensator  B  and  an  analyzing  Nicol  N.  This  when  properly  crossed 
gives  a  set  of  fringes  in  the  plane  of  the  wedges.  A  lens  L-  was  used 
to  focus  these  fringes  on  the  photographic  plate  at  M.  Photographs 
were  then  made  of  fringe  systems  representing  known  per  cents  of 
polarization  and  this  series  of  plates  used  as  comparison  plates. 

The  Babinet  with  its  photographic  attachments  was  then  used  for 
the  analysis  of  the  light  under  investigation.  Analysis  was  made  in 
some  cases  where  the  light  was  so  weak  that  eighty  hours'  exposure 
was  necessary. 

With  some  care  in  standardizing  the  density  of  the  comparison 
plates  and  the  unknowns  it  was  surprisingly  easy  to  determine  the  per 
cent  of  polarization  in  this  way  to  within  one  or  two  per  cent.  Most 
authors  give  the  lower  limit  of  the  Babinet  as  about  one  per  cent  and 
direct  observation  on  the  one  used  checked  this.     The  negative  showing 


Measurement  of  Per  Cent  of  Polarization  190 

a  one  per  cent  polarization  gives  practically  the  same  detail  as  direct 
vision.  Figure  3  shows  prints  from  several  of  these  comparison  plates 
and  gives  some  idea  of  the  variation  of  the  appearance  of  the  plates 
for  different  percentages.  Much  of  the  contrast  is  unavoidably  lost  in 
reprinting,  so  the  plate  is  not  a  fair  index  of  the  possibilities  of  the 
method. 


Fig.   3.      Prints   of  comparison   plates,   showing  variation   in  the   appearance   of   plates 
for  different  percentages  of  polarization. 

The  investigations  in  which  the  author  has  used  this  method  are 
a  study  of  the  polarization  of  the  fluorescent  light  from  solutions  of 
fluorescin  and  rhodamine  B  when  excited  with  plane  polarized  light. 
Considerable  controversy  had  arisen  as  to  whether  the  fluorescent  light 
from  such  solutions  was  truly  polarized  or  whether  the  investigators 
who  had  reported  such  observations  were  not  really  measuring  scat- 
tered incident  light.  With  this  method  a  careful  photographic  check 
of  the  transmission  bands  of  the  double  screens  used  could  be  made  and 
a  check  plate  was  exposed  with  a  highly  scattering  non-fluorescent  solu- 
tion for  every  set  of  screens  used. 
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The  following  table  gives  some  of  the  results  obtained: 

Fluorescin   in   water below  1%-  3% 

Fluorescin  in  water   and   glycerine below  l%-20% 

Fluorescin   in  glycerine 15%— 30% 

Rhodamine  B  in  water below  1% 

Rhodamine   B   in  alcohol below  1% 

Rhodamine  B  in  alcohol  and  glycerine below  1%-  2% 

Rhodamine  B  in  water  and  glycerine below  1%-  5% 

Rhodamine  B  in  glycerine    (1000  watt  lamp) 3%-15% 

Rhodamine   B  in  glycerine    (arc  lamp) 10% 

*  *  *  *  #  * 

Rhodamine  B  in  glycerine   (mercury  .00005461) 35% 

Rhodamine  B  in  glycerine   (mercury  .00003650) 20% 

Center  of  fluorescence  band  for  Rhodamine  B  about  .000058. 

*  *  *  *  *  * 

Where  a  variation  in  values  is  indicated  above,  several  plates  were 
taken  with  different  concentrations.  In  general,  the  more  concentrated 
the  dye-stuff  the  less  the  polarization.  Also  in  the  solutions  of  water 
and  alcohol  with  glycerine,  the  larger  the  concentration  of  glycerine 
the  larger  the  polarization. 

When  so  marked  a  difference  was  shown  in  two  plates  from  the 
same  solution  of  Rhodamine  B  in  glycerine  from  the  exposure  of  one  to 
an  arc  and  the  other  to  an  incandescent  lamp,  a  variation  in  effect  due 
to  the  frequency  of  the  incident  light  was  suggested.  First  a  plate  was 
made  using  the  light  from  an  arc  filtered  through  a  small  glass  spectro- 
graph in  such  a  way  that  the  solution  was  excited  on  one  side  of  the 
field  by  about  \=. 000054  and  changing  to  about  x=-00034  on  the 
other  side  of  the  field.  Markedly  clearer  fringes  were  shown  on  the 
side  illuminated  by  the  light  nearest  in  frequency  to  the  fluorescent 
band.  Light  from  a  quartz  mercury  arc  was  then  filtered  through  a 
quartz  spectrograph  and  plates  made  with  5461  and  the  3650  mercury 
lines  as  shown  above.  Work  is  being  continued  on  this  investigation 
in  an  attempt  to  find  the  law  governing  the  variation  of  polarization 
with  wave  length  of  the  exciting  light. 
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SOUND  WAVES  FROM  EXPLOSIONS. 


John  E.  Smith,  Franklin  College.* 

The  sound  waves  coming  from  an  explosion  should  reveal  much 
concerning  the  nature  of  the  explosion.  Sound  waves  from  other  sources 
have  been  successfully  photographed  and  in  the  study  of  explosives, 
photography  is  often  employed.  The  present  work  is  a  report  of  the 
use  of  spark  photography  for  this  purpose,  particular  attention  being 
paid  to  the  resulting  sound  waves  and  other  disturbances  whose  effects 
ore  revealed  by  the  sensitive  plate. 

Mallard  and  Le  Chatelier1  traced  the  progress  of  a  flame  in  a  hori- 
zontal tube  by  the  light  effect  upon  sensitized  paper  which  was  made 
to  move  vertically.  Oettingen  and  Gemet'  used  a  rotating  mirror  and 
photographic  camera  for  recording  the  stages  in  the  development  of  an 
explosion.  For  a  like  purpose  Dixon3  used  a  camera  with  films  attached 
to  a  revolving  drum. 

Photographs  taken  by  any  of  these  or  similar  methods  show  only 
those  parts  of  the  disturbance  which  are  self-luminous  and  are  the 
cumulative  result  of  a  longer  exposure  than  is  desirable  for  instan- 
taneous results.  Under  proper  conditions  an  electric  spark  has  an 
intense  luminous  effect  which  lasts  less  than  one  millionth  of  a  second. 
It  has  been  used  successfully  in  the  photography  of  falling  drops4,  insects 
in  flight'',  projectiles  in  flight0  and  in  various  experiments  with  sound 
waves7  s  9.  In  Bulletin  No.  23  of  the  National  Research  Council,  Foley 
suggested  that  the  method  used  in  sound  wave  photography  be  applied 
to  the  study  of  explosives.  Using  this  method,  Dutcher10  has  made  an 
extensive  study  of  explosions  in  certain  gases.  The  present  paper  pre- 
sents some  results  of  a  study  of  solid  explosives. 

General  Principle  of  the  Method.  The  electric  spark  as  an  illuminant 
has  been  found  most  useful  in  the  production  of  silhouette  work.  All 
the  photographs  shown  in  this  paper  are  of  this  type.     Following  the 

*  This  work  was  done  in  the   Physics   Laboratory  at  Indiana  University.     The  author 
wishes  to  express  his  gratitude  to  Dr.   Foley  for  his  assistance,   suggestions  and  criticisms. 

1  Mallard  and   Le   Chatelier,   Annales  des   Mines,   Vol.   4,   1883. 

2  Oettingen   and  Gemet,   "Ueber   Knallgasexplosion,"   Annalen  der   Physik  und  Chemie, 
Vol.    315,    1888,    p.    586. 

3  Dixon,  Philosophical   Transactions  of  the  Royal   Society,   Vol.   200,   1903,   p.  316. 
1  Cranz  and  Glatzel,  Sc.  Am.  Suppl.     Feb.  1,  1913. 

5  Bull,    Sc.   Am.,    Nov.   26,    1910. 

6  Cranz   and   Kiilp,   Zeitschrift  fur   das   Gesamte   Scheissund   Springstoffwesen.      Trans- 
lated in   Sc.  Am.   Suppl.,   March   27,   1915. 

7  Hyde,  Sc.  Am.,  Aug.  26,  1915.     Wood,  Phil.  Mag.,  Vol.  48,  1889,  p.  218.     M.  Toepler, 
Ann.   d.   Physik.     Vol.   27,   1908,   p.   1043. 

8  Foley  and  Souder,   Phys.  Rev.,  Vol.  35,   1912,  p.  373. 

"Foley,    Phys.    Review,    Vol.    14,    1919,    p.    143.     Phys.    Rev.,    Vol.    20,    1922,    p.    505. 
Phys.   Rev.,   Vol.   16,   1920,   p.   449. 

10  Dutcher,   Phys.  Rev.,   Vol.   15,   1920,   p.   228. 

"Proc.  Ind.  Acad.  Sci.,  vol.  34,  1924    (1925)." 
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plan  used  by  Foley  and  Souder8,  in  photographing  sound  waves,  all 
lenses  and  reflectors  were  omitted  from  the  set-up  and  the  point  source 
of  light  cast  the  shadow  of  the  exploding  body  with  its  accompanying 
sound  waves  directly  on  the  photographic  plate.  In  a  series  of  ex- 
plosions the  time  interval  between  the  explosion  and  exposure  was  varied 
and  the  resulting  photographs  gave  a  fairly  complete  life  history  of  the 
explosion. 

Arrangement  of  the  Apparatus.  Three  Leyden  jars  of  one  gallon 
size  were  used  on  each  side  of  the  large  induction  machine,  and  twelve 
of  the  same  kind  in  the  light  gap  circuit.  For  the  sake  of  safety  it 
was  necessary  to  devise  a  method  of  carrying  the  charge  of  explosive 
to  a  point  between  the  platinum  terminals  of  the  gap  after  all  adjust- 
ments of  speed,  capacity  and  inductance  had  been  made.  For  this  pur- 
pose a  rubber  stopper  was  mounted  on  a  block  of  wood  moving  between 
two   guides   located   just   under   and   at   right   angles   to   the   sound   gap. 


Fig.   1.     Diagrammatic  horizontal   section  of  apparatus. 


A  cord  was  attached  for  drawing  the  charge  into  place.  A  diagram- 
matic horizontal  section  of  the  apparatus  used  is  shown  in  figure  1. 
The  block,  guides  and  platinum  terminals  are  at  E  in  the  center  of  the 
figure  and  the  cord  K  is  indicated  by  the  dotted  line.  The  block,  stopper 
and  terminals  are  shown  in  the  detail  at  the  lower  right.  S  and  S 
are  the  brushes  on  the  induction  machine,  B  and  B — the  batteries  of 
Leyden  jars  on  the  machine,  B' — the  battery  of  Leyden  jars  in  the 
secondary  circuit,  G  and  G — the  gaps  on  the  machine,  Z — a  ground 
connection,  L — the  light  gap,  R — the  rod  controlling  the  length  of  L, 
P — the  photographic  plate,  and  HH — the  slide  for  holding  the  plate 
holder. 

Operation  of  the  Apparatus.  The  operator  starts  the  induction  ma- 
chine which  furnishes  the  electric  charge,  draws  the  block  with  the 
rubber  stopper  back  from  the  spark  terminals,  places  the  charge  of 
explosive  on  the  rubber  stopper  and  takes  his  position  in  line  with  the 
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ground  glass  where  the  exposure  is  to  be  made.  He  then  causes  the 
spark  to  pass  at  regular  intervals  and  observes  the  sound  waves  coming 
from  the  gap  where  the  explosion  is  to  occur.  He  adjusts  the  speed 
of  the  machine  and  the  length  of  gap  until  the  waves  indicate  a  proper 


Fig. 


Fig.  3. 


Fig.   4. 


Fig.  6. 


Fig.  7. 


Figs.    2-7.      Photographs   showing   successive   stages   of   an   explosion   when    unconfined 
lead  styphnate   was  fired  by  an   electric   spark. 


time  interval  and  uniform  operation.  He  then  quickly  places  the  un- 
exposed plate  in  position,  pulls  the  cord  which  draws  the  charge  into 
place  and  causes  the  spark  to  pass  which  fires  the  charge  and  makes 
the  exposure. 
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Discussion  of  Photographs.  Figures  2  to  7  were  selected  from  a 
large  number  as  typical  of  the  results  obtained  when  unconfined  lead 
styphnate  was  fired  by  an  electric  spark.  To  produce  these  photographs 
charges  about  0.7  cm.  in  diameter  were  placed  in  a  shallow  cup  cut  in 
the  upper  end  of  the  stopper  which  served  as  a  firing  base.  The  stopper 
is  clearly  outlined  in  each  of  the  photographs.  The  ignition  spark  gap 
with  the  wires  leading  to  it  are  not  visible  since  they  are  directly  in 
line  with  the  charge  and  the  support  respectively. 

Figure  2  was  taken  soon  after  the  ignition  spark  had  passed.  A 
disturbance  was  created  by  the  spark  itself,  but  it  is  evident  that  the 
explosion  has  started,  for  the  small  dark  dome  on  top  of  the  stopper 
is  larger  than  the  charge.  Figures  3,  4,  5,  and  6  show  well  defined 
sound  waves  resulting  from  the  electric  spark  and  also  the  manner  in 
which  an  explosion  advances.  In  figures  6  and  7  there  is  evidence  that 
all  parts  of  the  charge  are  not  fired  simultaneously.  The  wave  pattern 
at  the  edge  of  the  shadow  indicates  great  numbers  of  explosion  centers. 
In  some  cases  as  in  figure  6,  there  is  sufficient  symmetry  in  the  dis- 
turbance that  the  explosion  has  produced  to  cause  a  fairly  even  wave 
front.  This  appeared  in  a  number  of  photographs.  In  figure  7  a 
number  of  extraordinary  outbreaks  are  evident,  as  the  dark  shadow 
shows  several  ragged  extended  portions.  It  is  also  evident  that  the 
mass  of  air  to  the  right  has  suffered  a  violent  distortion. 

Conclusions.  1.  This  method  of  instantaneous  photography  provides 
a  means  of  studying  the  development  of  an  explosion  in  solids.  In 
contrast  to  work  previously  done  in  this  field,  it  is  independent  of  the 
illumination  furnished  by  the  explosion,  it  shows  what  is  occurring  at 
any  particular  instant  of  time  rather  than  the  cumulative  result  over 
an  interval  of  time,  and  at  the  one  instant  it  shows  more  than  other 
methods,  for  it  reveals  changes  in  the  density  of  the  gases  due  to  any 
cause  whatever. 

2.  The  sound  waves  from  the  igniting  spark  and  from  the  ex- 
plosion proper  provide  a  general  time  reference  in  the  study. 

3.  The  number  and  character  of  the  sound  waves  emanating  from 
the  explosion  show  something  of  the  manner  and  order  in  which  the 
parts  of  the  charge  explode. 

4.  Any  unusual  displacement  of  the  body  of  air  is  indicated  by 
the  distortion  of  the  sound  waves. 

5.  As  the  method  is  perfectly  general  it  may  be  applied  to  other 
explosives. 
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PHOTOGRAPHY  AS  A  MEANS  OF  MEASURING  THE 
RATE  OF  EXPLOSION. 


John  E.  Smith,  Franklin  College. 

The  work  recorded  in  this  paper  is  an  outgrowth  of  the  investiga- 
tion which  has  been  previously  reported  under  the  title,  Sound  Waves 
from  Explosions. 

During  the  course  of  the  study  of  explosions  of  lead  styphnate  the 
author  spread  a  thin  layer  of  the  same  between  two  strips  of  glass, 
approximately  2  x  10  cm.  in  area,  and  fired  the  charge  at  one  end.  A 
photograph  taken  when  the  explosion  had  traveled  half  the  length  of 
the  charge  revealed  a  set  of  sound  waves  emanating  from  the  crest  of 
the  explosion  wave.  This  suggested  the  possibility  of  measuring  the 
rate  of  explosion  by  a  photographic  method.  Various  methods  of  meas- 
uring this  rate  have  been  published.1 

General  Principle  of  the  Method.  An  explosive  is  confined  in  a 
heavy  metal  cartridge  which  has  a  series  of  openings  located  at  definite 
intervals.  At  the  openings  a  slightly  larger  amount  of  the  explosive  is 
placed.  The  explosion  is  started  at  one  end  of  the  tube  and  as  it 
reaches  the  successive  openings  each  becomes  a  source  of  sound.  If 
the  cartridge  is  so  placed  that  the  photographic  plate  indicates  the 
location  of  the  sources,  and  of  the  various  sound  waves  at  some  par- 
ticular instant,  the  rate  of  explosion  is  easily  determined.  It  should 
be  noted  that  the  waves  are  not  truly  spherical  since  the  explosion  is 
restrained  from  development  in  some  directions ;  also  that  the  velocity 
of  the  wave  is  at  first  not  the  ordinary  velocity  of  sound  in  air,  as  it 
has  been  shown-  that  the  velocity  of  sound  near  a  source  where  the  dis- 
turbance is  violent  is  much  greater  than  under  ordinary  conditions. 
However,  the  distortion  due  to  the  first  ceases  and  the  velocity  becomes 
normal  before  the  wraves  have  reached  points  to  which  measurements 
are  made.  Since  differences  in  distances  were  used  the  errors  due  to 
these  causes  disappeared. 

Arrangement  of  the  Apparatus.  For  the  study  of  gunpowder  a  bar 
of  wrought  iron  two  cm.  square  was  drilled  much  like  a  short  rifle 
barrel,  but  with  a  series  of  small  openings  in  the  side.  The  charge 
was  ignited  by  an  ordinary  shotgun  cap.  The  cartridge  shown  in 
figure  1  was  used  for  the  lead  styphnate  and  mercury  fulminate. 

This  cartridge  was  formed  from  two  bars  of  wrought  iron  30  x  4  x  1 
cm.     One  face  of  each  bar  was  planed  and  in  the  upper  one  was  milled 

1  (a)  Mettegan.o-,  Report  of  5th  Cons.  Appl.  Chem.  Vol.  2.  p.  327.  Marshall's  "Ex- 
plosives," Vol.  2,  p.  477.  (b)  Kast,  Sprens-und  Ziendstoffe,  p.  1025.  (c)  Waftstaff,  An 
Electrical  Method  of  Determining;  the  Velocity  of  Detonation  of  Explosives.  Proc.  Royal 
Society,  March,  1924,  Vol.  105.  p.  282.  (d)  Dautriche,  Marshall's  Explosives,  Vol.  2, 
p.  479.      Compt.   Rend.   143,   1906.   p.   641. 

-Foley,   Phys.   Rev.      Vol.   16,   1920,   p.   449. 

"Proc.  Ind.   Acad.  Sci.,  vol.  34,  1924    (1925)."  ; 
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a  narrow  shallow  groove.  Extending  from  the  groove  through  to  the 
upper  side  were  the  openings  which  were  to  be  filled  with  the  excess 
charges.  They  may  be  seen  in  the  figure.  Directly  opposite  the  groove 
was  drilled  a  series  of  holes,  close  together  for  the  mercury  fulminate 
but  more  widely  separated  for  the  lead  styphnate.  The  two  bars 
were  held  together  by  fourteen  quarter-inch  bolts.  The  cartridge  was 
loaded  by  separating  the  bars,  filling  the  milled  groove  in  the  one  with  the 
charge,  covering  the  entire  face  of  the  bar  with  paper  and  bolting  the 
ether  bar  to  it.     For  firing  the  charge  a  fuse  was  inserted  at  one  end. 
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Fig.    1.      Cartridge   used   in    exploding   lead    styphnate   and    mercury    fulminate. 

In  figure  2  is  shown  the  arrangement  of  electrical  and  photographic 
apparatus.  For  the  sake  of  simplicity  the  box  enclosing  the  light  gap, 
firing  cartridge  and  photographic  plate  is  omitted. 


Fig. 


Horizontal   section   of  apparatus. 


C  is  the  cartridge  containing  the  explosive,  P  is  the  photographic 
plate,  and  L  is  the  gap  at  which  the  spark  which  makes  the  exposure 
appears.  The  electrical  circuit  includes  the  induction  machine  with  five 
Leydon  jars  on  each  side,  the  trigger  for  closing  the  circuit  at  T,  a 
light  gap  at  L  and  anothei  gap  at  G.  S  and  S  are  the  collecting  brushes 
on  the  machine,  Z  is  a  ground  connection  and  R  is  a  rod  for  controlling 
the  length  of  the  gap  at  L.  In  the  detail  at  the  lower  left  is  shown 
the  trigger  which  was  used  for  closing  the  circuit  when  studying  gun 
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powder  and  lead  styphnate.  It  is  a  strip  of  aluminum  10  cm.  long, 
1  cm.  wide  and  0.2  cm.  thick  riveted  to  a  heavier  block  through  which 
the  axle  passes.  The  trigger  was  placed  so  that  one  end  came  directly 
over  one  of  the  holes  in  the  cartridge.  The  explosion  caused  it  to 
rotate  so  that  its  ends  came  very  near  the  terminals  which  were  located 
directly  above  and  below  the  axis  of  the  trigger.  Thus  the  discharge 
took  place  through  the  trigger  and  the  circuit  which  included  the  spark 
gap  at  L.  By  changing  the  location  of  the  trigger  different  time  in- 
tervals between  explosion  and  exposure  were  obtained.  An  attempt 
was  made  to  use  the  same  trigger  with  mercury  fulminate,  but  the 
explosion  of  even  a  very  small  quantity  was  too  violent.  Various 
devices  were  tried  and  finally  the  trigger  was  discarded.  The  two 
heavy  terminals  were  simply  held  in  a  horizontal  position  about  10  cm. 
above  and  below  the  cartridge  respectively.  Thus  when  the  explosion 
drove  hot  gases  through  the  openings  the  air  was  ionized  and  the 
spark  passed.  By  shifting  the  terminals  along  the  cartridge  the  proper 
time  interval  was  obtained.  In  all  cases  the  time  interval  was  con- 
trolled also  by  varying  the  length  of  the  gap  at  G  and  L. 


Fig.    3.      A   thin    layer   of   explosive   upon 
a    fiat    block.      Explosion    half    completed. 


Fig.  4.  Explosive  confined  in  a  cart- 
ridge. Sound  waves  and  gases  coming 
from   small   openings. 


Operation  of  the  Apparatus.  The  operator  starts  the  induction  ma- 
chine some  time  before  he  is  ready  to  take  the  picture,  in  order  that 
it  may  be  generating  uniformly.  While  the  machine  is  shorted  by  rods 
en  itself,  he  adjusts  the  cartridge  and  the  photographic  plate.  After 
removing  the  short  he  lights  the  fuse  and  the  explosion  takes  its  own 
picture. 

Adjustments.  If  the  plate  shows  no  sound  waves  but  a  clear  image 
of  the  cartridge  it  is  evident  that  the  light  spark  has  occurred  too 
soon.  The  trigger  must  then  be  shifted  farther  from  the  fuse  end  of 
the  cartridge,  or  the  gaps  in  the  circuit  lengthened.  In  case  the  pic- 
ture is  taken  too  late  opposite  adjustments  must  be  made. 

Discussion  of  the  Photographs.  Figure  3  shows  the  result  of  spread- 
ing a  thin  layer  of  lead  styphnate  between  two  long  glass  plates,  placing 
this  flat  on  a  block  of  wood  and  firing  the  charge  at  one  end.  The 
photograph  was  taken  at  right  angles  to  the  strips  and  shows  a  series 
of  sound  waves.     Figure  4  shows  the  first  of  the  series  obtained  when 
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using  the  cartridge.  Close  to  the  source  the  distortion  of  the  sound 
waves  is  to  be  expected  and  it  is  evident  in  the  photograph.  In  this 
position  the  photograph  was  necessarily  taken  too  soon.  Accordingly 
the  plate  was  placed  with  its  length  vertical  and  the  cartridge  was 
moved  until  its  image  lay  at  the  lower  edge.  Figure  5  is  one  of 
several  made  when  using  lead  styphnate  and  figure  6  is  typical  of  those 
secured  when  using  mercury  fulminate. 


Figs.   5   and   6.      Explosive  confined  in   a   cartridge.      Sound   waves  coming   from   small 
openings. 


Fig.   7.      A   photograph   showing   shadows   of   spherical    waves   and   their   approximate 


radi 


Method  of  Taking  Measurements  from  the  Plate.  In  figure  7  is 
shown  the  method  of  taking  from  the  plate  the  measurements  necessary 
to  calculate  the  final  results. 

Traces  of  waves  on  a  photographic  print  were  made  on  a  sheet  of 
drawing  paper.     The  trace  of  the  upper  edge  of  the  cartridge  was  ex- 
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tended  to  the  left  as  shown  and  the  various  openings  from  which  the 
sound  started  located  upon  it.  The  distance  from  source  to  wave  was 
then  measured. 

The  measurements  in  figure  7  were  taken  in  this  way  from  one  of 
the  plates.  Evidently  the  progression  is  uniform  since  the  increase  in 
the  distance  from  source  to  wave  is  so.  The  wave  from  the  source 
immediately  below  the  center  of  the  plate  is  not  included  since  it  is  still 
distorted. 

Method  of  Computation.  The  pictures  of  sound  waves  secured  by 
this  method  are,  in  reality,  the  projections  of  spherical  sound  waves 
upon  the  photographic  plate.  Their  geometrical  relation  to  the  various 
parts  of  the  set-up  is  illustrated  in  figure  8A. 


A  B 

Fig.   8A  and  B.     The   projection   of  spherical   sound   waves  upon   a  plane   surface. 

The  apparatus  is  so  designed  that  the  point  source  of  light  is  at 
L,  the  photographic  plate  is  in  the  plane  P,  so  placed  that  the  normal 
from  L  passes  through  its  center,  and  the  cartridge  is  in  some  plane 
parallel  to  P,  between  L  and  P.  Let  this  plane  be  designated  as  p. 
One  of  the  openings  in  the  cartridge  lies  at  E  in  the  plane  p  and  also 
in  the  normal  drawn  from  L  to  the  planes.  This  opening  is  the  source 
of  the  spherical  waves,  represented  in  the  figure  by  the  sphere  whose 
center  is  at  E.  The  shadow  of  the  sphere,  falling  upon  the  plane  P, 
produces  the  waves  in  the  photograph.  The  radius  of  this  sphere,  then, 
measures  the  distance  the  sound  wave  has  traveled  at  the  instant  th? 
picture  is  taken,  and  is  therefore  the  distance  which  must  be  found. 

To  compute  this  radius,  r,  lines  are  drawn  through  L,  tangent  to  the 
sphere,  forming  a  right  circular  cone. 
Now       s  LE 

S  LO  ' 

LE 

s     =  S. 

LO 
and  r  =■  s  cos  y. 
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Since  LE  and  LO  are  constants,  measuring  the  distance  from  the 
point  source  of  light  to  the  cartridge  and  to  the  plate,  respectively, 
and  since  S  can  be  measured  from  the  photographic  plate,  the  value 
of  r  can  readily  be  computed. 

But  this  value  of  r  holds  true  only  for  waves  emanating  from  the 
point  in  the  normal  OL.  If  the  waves  are  generated  by  an  explosion 
at  one  of  the  other  openings,  the  point  E,  while  still  in  the  plane  p,  is 
shifted  to  some  point  E',  such  that  its  shadow  falls  at  0'.  This  pro- 
duces a  rotation  of  the  entire  cone,  its  axis  moving  in  the  plane  deter- 
mined by  L,  0,  and  O',  about  L  as  a  center.  The  shadow  of  the  sphere 
upon  P  now  becomes  an  ellipse.  It  is  still  possible,  however,  to  find  the 
radius  of  the  sphere  from  measurements  made  upon  the  shadow. 

Figure  8B  is  a  plane  figure,  showing  the  cross  section  of  the  cone, 
and  the  planes,  p  and  P,  cut  by  the  plane  L  O  O'.  Let  LE=a,  EO=b, 
OQ=c,  QO'=d,  and  0'L=:e.  As  was  shown  above,  the  distances  a  and  b 
are  constant  and  can  be  measured  from  the  apparatus.  Furthermore, 
as  the  shadows  of  the  sound  wave,  and  of  the  cartridge  fall  upon  the 
plate  at  Q  and  O'  respectively,  and  as  0  is  the  center  of  the  plate,  it 
is  evident  that  the  distances  c  and  d  may  be  measured  by  the  method 
given  above  for  taking  measurements  from  the  plate.  Then,  referring  to 
figure  8B,  it  may  be  seen  that 


i  = 

c 

tan-i  - 

a  +  b 
c  +  d 

3  = 

tan-i  - 

a  +  b 

y 

=  j-i 

e   : 

S 

=  (a  +  b)  sec  j 
—  e  tan  y 

s 

a 

S 

a  +  b 
a 

S     = 

=-  S. 

a  +  b 

r  : 

=    S  COS  V. 

Then  by 

substitution, 

r  ; 

=  a  sec  j  sin  y. 

Since  the  cartridge  always  remains  in  the  same  place,  sec  j  becomes 
a  fixed  quantity  for  each  of  the  several  openings,  and  need  not  be 
recalculated.  Thus,  after  one  set  of  data  is  solved,  the  calculation  of  the 
radii  of  the  various  sound  spheres  is  reduced  to  finding  values  for  sin  y. 
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After  the  exact  distance  which  the  sound  wave  has  progressed  has 
been  found  in  this  way,  from  the  plate,  the  time  and  rate  are  calcu- 
lated according  to  the  method  outlined  in  the  discussion  of  the  general 
principle.  Thus,  the  time  which  has  elapsed  between  the  explosion  at 
one  opening  and  that  at  the  next  is  represented  by 


and  the  rate  of  explosion  is  expressed  by 


1) 


Kate 


1) 


r2  —  Ti 

V 

D  X  V 

r2  —  rx 
where  t  is  time  in  seconds,  r2  and  ri  are  respective  radii  of  sound  spheres  in  cm., 
D  is  distance  in  cm.  between  sources,  and  V  is  velocity  of  sound  in  air  in  cm. /sec. 


RESULTS. 
TABLE  1.     Data  for  lead  styphnate. 


Photograph 
No.  9 A 

c 

7.8 
5.6 
5.3 

d 

7.5 
16.5 
25.0 

J 
3C38' 
5°14' 
7°10' 

y 

1°47' 
3°54' 

5°54' 

r 

4.08 

8.96 

13.57 

r2  — ri 

4.88 
4.61 

No.  9B 

8.8 
5   1 
5.0 

8.0 
17.0 
25.5 

3°59' 
5°18' 
7°12/ 

1°54' 
4°1' 

6°r 

4.36 

9.22 
13.83 

4  56 
4.61 

No.  9C 

9.0 

C»   1 

6.9 
13.0 

3°46' 
5°13' 

1°38' 
3°47' 

3.74 

8.68 

4.94 

Mean  Value  of  r2— ri,     4.72  cm. 
Constants  u  ed: 

a  =  131  cm;     b  =  110.3  cm;     D  =  5  cm;     V  =  31820  cm;    Temperature  27°C; 
Dimensions  of  charge  0.11  X  0.15  X  10.0  cm;     Condition,  well  packed. 
Resulting  rate  369  meters  per  second. 

In  a  similar  manner  results  were  obtained  for  gunpowder  and 
mercury  fulminate.  The  average  rata  for  three  charges  of  gunpowder 
well  packed  in  a  cylindrical  barrel  0.45  cm.  in  diameter  and  12.0  cm. 
in  length  was  261  meters  per  second.  That  for  three  trials  with  mercury 
fulminate  loose  in  a  chamber  0.15  x  0.25  x  14  cm.  was  1,205  meters  per 
second. 

The  author  has  been  unable  to  find  data  on  the  rate  of  explosion  of 
lead  styphnate.  The  rates  given  for  gunpowder  vary  from  200  to  300 
meters  per  second.  Wagstafflc  found  it  to  be  265  meters.  Marshall's 
"Explosives"  gives  the  rate  of  detonation  for  a  much  larger  charge  of 
mercury  fulminate  as  2,200  meters  per  second. 
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MEASUREMENT  OF  THE   AMPLIFICATION   CONSTANT 

OF  AN  AUDIO  TRANSFORMER,  PRINCIPLE 

OF  THE  NEUTRODYNE. 


R.  R.  Ramsey,  Indiana  University. 

The  following  gives  a  very  simple  and  exact  method  of  measuring 
the  amplification  ratio  of  an  audio  transformer.  At  the  same  time 
a  careful  study  of  the  principles  involved  will  show  why  many  neutro- 
dyne  receivers  failed  to  "neute"  after  they  were  built.  The  apparatus 
needed  is  two  variable  condensers,  a  telephone,  a  buzzer,  a  dry-cell,  and 
a  telephone  coil. 

Connect  up  the  apparatus  as  in  figure  1.  The  buzzer  battery  and 
telephone  coil,  T,  is  simply  a  convenient  source  of  alternating  current. 
The  coil  T  is  the  telephone  coil  which  is  found  in  all  telephones  con- 
necting the  microphone  to  the  other  parts  of  the  system.  A,  is  the 
transformer  to  be  measured.  The  diagram  indicates  that  the  secondary 
of  the  transformer  is  connected  reversed.     This  means  that  if  the  sec- 


Fig.  1. 

of   the   ampl 


Diagram    showing   connections    for   the   apparatus   used   in   the   measurement 
ification    constant    of   an    audio   transformer. 


ondary  coil  is  wound  in  the  same  manner  as  the  primary  coil  the  in- 
side end  of  the  secondary  coil  is  connected  to  the  outside  end  of  the 
primary  coil.  These  two  ends  and  a  terminal  of  the  telephone  are  con- 
nected to  one  terminal  of  the  alternator  (buzzer  system).  The  con- 
densers Ci  and  Ca  are  connected  to  the  other  end  of  the  alternator.  The 
other  terminals  of  the  condensers  are  connected  to  the  loose  terminals 
of  the  coils,  Ci  to  the  primary  coil  and  C2  to  the  secondary  coil.  The 
telephone  is  also  connected  to  this  last  point. 

The  principle  of  the  experiment  can  be  seen  from  the  diagram. 
Suppose  that  at  some  instant  the  current  is  increasing  through  the  con- 
densers in  the  direction  indicated  by  the  arrow.  L,  the  current  through 
the  condenser  Ci,  is  running  down  through  the  primary  coil  of  the  trans- 
former.    This  induces  a  current  up  through  the  secondary  coil  of  the 
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transformer.  If  this  induced  current  is  just  equal  to  L,  the  current 
which  passes  through  the  condenser,  C,,  then  there  is  no  current  left 
to  go  through  the  telephone  and  there  is  no  sound  in  the  telephone. 
Or   mathematically, 

1  M  dli/dt— L  dl,/dt,  or  M  I,=L  I, 

where  M  is  the  mutual  inductance  of  the  transformer  and  L  is  the  self 
inductance  of  the  secondary  of  the  transformer. 

Since  M  is  proportional  to  nin2,  and  L2  is  proportional  to 
n22,  where  m  and  nL  are  the  number  of  turns  of  wire  in  the  primary 
coil  and  secondary  coils  respectively,  then 

n2/n1=L/M=Ii/l3=Ci/C3,=A 

where  A  is  the  amplification  constant  of  the  transformer. 

The  currents  can  be  shown  to  be  proportional  to  the  capacities  of 
the  condensers  by  ccnsidering  the  equation  for  alternating  current  when 
we  have  resistance  capacity  and  inductance  in  the  circuit, 

i  = l. 


4 IV  +  (1/Cw—  Lw)2 

When  the  capacity  C  is  small,  as  in  this  case,  practically  all  the 
impedance  is  due  to  the  term  1/Cw.  Thus  considering  R  and  L  to  be 
zero  we  have 

I=ECw,  and  l1/h=C1/C2 

No  sound  or  a  minimum  sound  in  the  telephone  tells  us  when  this 
condition  is  obtained  and  the  ratio  of  the  condensers  gives  us  the  ampli- 
fication constant  of  the  transformer. 

If  the  condensers  are  ordinary  variable  condensers  which  are  ex- 
actly alike,  that  is,  if  the  capacity  is  proportional  to  the  scale  readings 
and  if  the  two  have  the  same  capacity  when  set  alike,  then  the  scale 
readings  can  be  substituted  for  the  capacities  and  the  amplification  is 
the  ratio  of  the  readings  of  the  dials.  (For  methods  of  measuring 
capacity  see  "Experimental  Radio",  page  14.) 

Instead  of  ordinary  audio  coils  any  transformer,  such  as  those  used 
with  60  cycle  current  can  be  measured  in  this  manner  also.  If  the 
ratio  of  the  transformer  is  determined  the  method  can  be  used  to  com- 
pare the  capacity  of  a  condenser  with  a  known  capacity.  There  is  no 
fixed  rule  for  using  the  markings  en  the  terminals  of  the  coils  when  con- 
necting the  transformer.  All  manufacturers  do  not  mark  their  coils 
in  the  same  manner.  Connect  the  coil  up  and  if  the  telephone  does  not 
show  a  minimum  sound,  reverse  the  connections  on  one  coil — primary, 
say. 

Instead  of  the  condenser  C,  the  capacity  of  a  tube  can  be  used  as 
in  figure  2.  In  this  case  the  capacity  of  C*  must  be  very  small.  How- 
ever, the  transformer  connections  can  be  made  such  that  C-  is  larger 
than  Ci.  It  will  be  an  interesting  variation  to  measure  the  capacity 
of  the  tube  with  the  filament  cold  and  then  again  when  the  filament  is 
hot.     It  will  be  found  that  there  is  not  much  change  of  capacity. 

It  will  be  seen  that  we  are  making  the  capacity  of  one  condenser 
neutralize  the  effect  of  the  other  condenser.  With  the  case  of  the  tube 
the  condenser  neutralizes  the  capacity  of  tube. 
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If  our  coil  is  a  neutrodyne  coil  and  our  condenser  is  a  ncutrodyne 
condenser,  and  if  we  connect  a  second  tube  in  place  of  the  telephone  so 
as  to  act  as  an  amplifier  we  have  the  last  two  tubes  of  the  neutrodyne 
hook-up.  By  placing  another  tube,  neutrodyne  condenser  and  coil  in 
front  of  the  second  tube,  and  by  replacing  our  buzzer  outfit  by  a  third 
neutrodyne  coil  connected  to  an  aerial  we  have  the  regular  neutrodyne 
hook-up.  Since  we  are  using  radio  frequency  alternating  current  instead 
of  ordinary  alternating  current  the  last  tube  must  be  a  detector  and  a 
grid  condenser  with  leak  must  be  inserted. 


U 


Fig.     2.       Diagram     showing     connections 


ig     a     tube 


the     circuit. 


The  amplification  ratio  of  neutrodyne  coils  is  about  five.  Thb  means 
that  the  capacity  of  the  neutrodyne  condenser  must  be  one-fifth  of  that  of 
the  tube.  It  is  hard  to  make  a  variable  condenser  of  such  small  capacity. 
It  is  customary  to  connect  the  neutrodyne  condenser  to  a  tap  on  the  sec- 
ondary instead  of  to  the  grid  end  of  the  coil.  Between  this  tap  and 
the  filament  end  there  are  as  many  turns  as  there  are  in  the  primary 
coil.  Connected  in  this  manner  the  neutralizing  condenser  has  about 
the  sv.me  capacity  as  the  tube. 
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THE  FORMATION  OF  ALPHA-RAY  TRACKS  BY  SIMPLE 

MEANS. 


Chas.  T.  Knipp  and  N.  E.  Sowers,  University  of  Illinois. 

Alpha-ray  tracks  for  lecture  table  demonstrations,  and  also  for 
quantitative  study,  may  be  formed  by  means  of  exceedingly  simple 
apparatus.  A  glass  containing  vessel  blown  into  form  from  a  pyrex 
crystallizing  dish,  a  tiny  source  of  alpha  rays  mounted  in  a  protected 
cavity  at  the  inner  end  of  an  aluminum  plug,  a  battery  syringe  bulb, 
a  100  to  200  volt  B-battery,  and  a  lantern  for  general  illumination, 
constitute  the  essential  parts. 

This  simplified  apparatus  is  built  along  the  lines  of  a  modified 
cloud  apparatus  described  by  one  of  the  authors  a  number  of  years  ago.1 
It  is  entirely  of  pyrex  glass.  Figure  1  (a)  shows  a  vertical  section 
through  the  axis  of  the  expansion  chamber  and  bulb  RB,  while  figure 
1  (b)  is  a  view  from  the  top  downward.  Several  ray  tracks  are  indi- 
cated as  issuing  from  che  tip  of  the  plug  P.  In  figure  1  (a)  also  are 
shown  the  electrical  connections.  The  main  body  of  the  expansion 
chamber  is  made  of  a  crystallizing  dish  since  these  vessels  have  square 
corners  and  the  bottoms  are  quite  plane  and  free  from  undulations 
which  might  produce  troublesome  distortions  when  viewing  the  ray 
tracks  from  above.  To  the  lip  of  the  crystallizing  dish  is  fused  a  nar- 
rower tube,  some  15  cm.  in  length,  to  the  lower  end  of  which  is  attached 
a  rubber  syringe  bulb,  RB,  as  shown  in  figure  1    (a). 

The  expansion  chamber,  MN,  constitutes  the  upper  end  of  the 
apparatus.  Two  binding  posts,  C  and  D,  making  electrical  connections 
to  the  electrostatic  field  plates  M  and  N  respectively,  are  shown.  The 
upper  plate  is  the  inside  bottom  of  the  inverted  crystallizing  dish,  and 
electrical  connection  is  made  by  a  loop  of  fine  platinum  wire  laid  flat 
on  the  glass  and  fused  to  it  at  six  or  eight  points,  as  shown  in  figure 
1  (b).  The  lower  plate  is  simply  the  surface  of  the  water  which  is 
slightly  acidulated  to  render  it  a  better  conductor.  A  tap,  T,  for  ad- 
mitting water  into  the  vessel  is  attached.  The  alpha-rays  emerge 
through  a  thin  aluminum  window  at  the  inner  end  of  the  aluminum 
plug  P.  By  making  the  walls  of  the  plug  heavy  the  rays  are  confined 
to  a  beam  proceeding  directly  across  the  expansion  chamber  as  shown 
in  figure  1  (b).  The  plug  P  is  ground  into  the  glass  seat  and  held 
in   position  by   stopcock  grease. 

The  necessary  electrical  connections  are  shown  in  figure  1  (a).  For 
best  results  200  volts  should  be  placed  in  the  circuit,  though  good  results 
are  obtained  by  connecting  directly  to  a  110  D.C.  source.  In  making 
the  electrical   connections   it   is  not  necessary   to  pay   any   attention   to 

1  Science,    III,   Dec.   24,    1909,   p.   930. 

Note. — Experiments  conducted  since  writing  the  above  show  that  a  pyrex  beaker 
should  be  used  instead  of  a  crystallizing  dish.  The  latter  is  not  rugged  enough  to  with- 
stand  the   pressures. 
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polarity  or  to  earthing  one  pole  of  the  battery,  nor  is  it  necessary,  as 
commonly  supposed,  to  arrange  for  closing  or  opening  this  circuit  at 
proper  intervals  when  producing  the  alpha-ray  tracks.  Hence  a  short- 
ing key  K  is  included  in  the  circuit  for  closing  the  electric  circuit  perma- 
nently while  operating  the  apparatus.  The  electrostatic  field  between 
M  and  N  sweeps  away  continuously  the  ions  formed  by  impact  of  the 
alpha-particles,  while  the  ions  formed  just  at  the  instant  the  expan- 
sion is  right,  acting  as  nuclei  for  condensation  of  water  vapor,  grow 
rapidly  and  become  visible.  Because  of  their  increased  mass  they  are 
but  little,  if  any,  affected  by  the  electrostatic  field,  remain  stationary 
for  a  brief  instant  and  then  settle  down  under  the  action  of  gravity. 
For  purposes  of  illumination  and  making  the  tracks  visible  a  flat  beam 
of  light  from  a  lantern  should  pass  horizontally  between  the  plates 
M  and  N. 


Fig.   1.     Apparatus   used  for  demonstrating-  Alpha-ray  tracks, 
(b),  cross  section  at  the  top. 


(a),   vertical   section 


The  procedure  in  operating  the  apparatus  is  briefly  as  follows : 
Fill  the  bulb  and  containing  vessel  with  water  up  to  the  level  N.  In- 
sert the  plug  P,  and  connect  the  source  of  D.C.  potential  to  the  binding 
posts  C  and  D,  including  a  key  K.  Before  closing  the  key  the  vessel 
should  be  tipped  so  as  to  wet  the  surface  M,  thus  forming  the  upper 
electrostatic  field  plate  as  a  film  of  moisture,  which,  since  the  water  was 
made  slightly  conducting,  makes  connection  to  the  binding  post  C  by 
the  platinum  wire  loop  previously  referred  to.  With  the  illumination 
on  and  the  key  K  closed  compress  the  bulb  RB  and  release  it  alternately 
until  the  proper  expansion  ratio  is  obtained,  whereupon  the  tracks  will 
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appear  freely,  being  very  distinct  and  persisting-  for  some  moments. 
The  expansion  chamber  MN  being  of  large  diameter  and  small  height 
(the  ratio  being  approximately  8:1),  and  free  from  projections  or 
curved  surfaces  within,  insures  minimum  turbulency.  When  the  expan- 
sion is  just  right  (and  this  is  readily  gotten  by  trial)  and  the  tracks 
appear  exceedingly  clear  cut,  oftentimes  extending  entirely  across  the 
expansion  chamber.     The  tracks  may  be  projected  upon  a  screen. 
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SOME  SUGGESTIONS  FOR  RESEARCH  IN 
MATHEMATICS. 


W.  E.  Edington,  Purdue  University. 

In  going  to  the  boundary  of  knowledge  of  one  of  the  oldest  of  all 
the  sciences  it  is  to  be  expected  that  one  must  travel  far;  and,  since 
the  materials  with  which  the  mathematician  works  are  largely  symbolic 
and  hence  highly  subjective,  it  is  also  to  be  expected  that  mathematical 
research  will  be  difficult.  To  a  great  degree  this  is  true,  but  neverthe- 
less, in  a  growing  subject  like  mathematics  new  lines  of  investigation, 
new  points  of  view  and  new  methods  of  attack  are  being  developed  so 
that  it  is  possible  under  proper  guidance  for  the  novice  in  research  to 
make  a  start.  And  as  he  acquires  mathematical  strength  and  maturity 
his  power  and  enthusiasm  should  increase  with  corresponding  gains  in 
research  output.  In  this  discussion  some  suggestions  will  be  offered 
which  it  is  hoped  will  be  of  help  to  anyone  who  is  truly  desirous  of  doing 
research  in  mathematics. 

There  are  different  kinds  of  mathematical  research  and  these  I  have 
roughly  classified  into  three  types.  The  first  is  fundamental  research, 
that  research  which  characterizes  the  work  of  the  genius  and  revolu- 
tionizes a  point  of  view  or  a  method  of  attack  or  develops  an  entirely 
new  field  of  mathematical  endeavor.  This  kind  of  research  is  not  to 
be  expected  of  the  novice  although  the  youthful  Pascal,  Gauss,  Galois 
and  Abel  are  brilliant  examples  to  the  contrary.  The  second  type  of 
research  I  call  contributory  and  it  is  well  represented  by  most  of  the 
papers  appearing  in  the  mathematical  journals.  The  great  majority  of 
research  workers  are  doing  this  type  of  research,  and  their  work  serves 
as  the  foundation  on  which  the  master  worker  builds  so  securely.  It 
is  this  type  of  work  which  the  novice  may  hope  and  expect  to  do. 
The  third  type  of  research  is  that  which  contents  itself  with  clarifying, 
simplifying  and  extending  what  is  already  known.  Good  illustrations 
of  this  are  the  simplifying  of  the  proofs  of  known  theorems,  the  proving 
of  known  theorems  by  new  methods,  and  the  correlation  of  known  facts. 
This  last  requires  mathematical  perspective  and  maturity  but  not  neces- 
sarily great  power.  It  might  be  questioned  whether  this  third  type 
constitutes  real  reasearch,  but  it  nevertheless  passes  as  such  in  most 
universities. 

To  be  successful  in  research  one  must  have  the  spirit  of  research, 
the  enthusiasm  to  do  research,  a  highly  developed  imagination  and  curi- 
osity, and  the  determination  and  patience  that  are  necessary  for  the 
accomplishment  of  anything  worthwhile.  No  matter  how  brilliant  a 
student  may  be  in  the  classroom  if  he  has  not  the  above  characteristics, 
either  active  or  latent,  he  will  not  become  a  research  worker.  This 
point  will  become  clearer  when  the  following  facts  are  known.  During 
the  decade  1910-1920  between  1,200  and  1,300  research  papers  appeared 
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in  American  mathematical  journals.  These  were  the  work  of  325  differ- 
ent persons  of  whom  nearly  one-half  contributed  one  and  only  one 
paper.  It  is  to  be  presumed  that  many  of  those  who  contributed  only 
one  paper  were  publishing  their  doctorate  theses.  When  it  is  further 
realized  that  the  average  number  of  doctorates  in  mathematics  granted 
annually  by  American  universities  is  between  25  and  30,  it  becomes 
evident  that  there  is  something  vitally  lacking  in  the  product  turned  out 
by  our  graduate  schools.  My  contention  is  that  if  a  man  shows  suffi- 
cient ability  to  produce  a  real  research  paper  he  should  be  able  to  con- 
tinue his  investigations  along  the  lines  on  which  he  has  already  made  a 
start.  I  realize  that  many  will  be  ready  to  offer  objections  to  my  point 
of  view  and  probably  some  of  them  are  valid.  However,  I  do  not  recog- 
nize the  fact  that  a  man  is  thrown  into  environment  which  is  not  con- 
ducive to  research  as  being  entirely  valid  as  an  objection.  A  far  greater 
objection  in  my  opinion  would  be  the  lack  of  research  facilities,  which 
in  mathematics  amounts  to  a  good  working  library  and  the  opportunity 
for  frequent  conference  and  discussion  with  others  interested  in  mathe- 
matical research. 

This  situation  is  not  nearly  as  bad  as  it  seems,  for  with  the  French 
and  German  mathematical  encyclopedias,  the  German  Jahrbuch  and  the 
Revue  Semestrielle  accessible,  all  of  which  tend  to  bring  the  informa- 
tion on  the  latest  developments  in  the  various  fields  up  to  date,  one 
need  not  be  far  behind  the  times  nor  without  knowledge  of  the  more 
important  discoveries  in  any  field.  Furthermore,  such  works  as  Pascal's 
Repertorium,  Dickson's  Histcoy  of  the  Theory  of  Numbers,  Bromwich's 
Theory  of  Infinite  Series,  and  Weber's  Lehrbuch  der  Algebra,  will  give 
the  beginner  a  fair  knowledge  of  their  respective  fields  and  offer  many 
points  of  starting  for  new  investigations.  As  a  matter  of  fact  the  range 
of  mathematics  is  so  broad  and  the  number  of  workers  in  nearly  all 
the  leading  languages  is  so  great  that  it  is  practically  impossible  for 
even  the  highly  skilled  research  worker  to  keep  in  touch  with  the  latest 
developments  in  even  his  own  field,  without  having  recourse  to  the  vari- 
ous sources  mentioned  which  give  titles,  abstracts  and  reviews  of  what 
is  appearing  in  the  numerous  mathematical  journals,  books  and  other 
publications. 

One  of  the  big  problems  in  mathematical  research  is  to  produce 
something  that  is  new.  To  the  novice  this  appears  most  formidable  and 
often  will  discourage  a  most  promising  worker.  Mathematical  history 
is  full  of  rediscoveries,  and  where  many  workers  are  investigating  along 
the  same  lines  it  is  to  be  expected  that  duplications  of  results  will 
often  occur.  The  most  notable  examples  of  this  are  probably  the  in- 
vention of  the  calculus  by  Newton  and  Leibniz  and  the  discoveries  of 
Bolyai  and  Lobachevski  in  non-euclidean  geometry.  But  as  long  as  a 
discovery  has  been  made  honestly  the  joy  and  enthusiasm  that  follow 
such  a  discovery  should  be  sufficient  to  offset  the  disappointment  at  find- 
ing that  it  is  already  known,  and  with  the  experience  gained  and  the 
consciousness  of  power  and  self-confidence  acquired,  one  should  work 
on  with  the  expectation  of  making  new  discoveries. 

At  the  present  time  some  of  the  fields  of  mathematics  in  which  much 
that  is  comparatively  elementary  remains  to  be  done,  are  group  theory, 
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the  theory  of  statistics  and  certain  phases  of  geometry.  American 
mathematicians  at  present  are  doing  considerable  work  in  the  theory  of 
statistics  and  mathematical  physics.  Certainly  the  field  of  general 
science,  chemistry,  physics,  biology,  engineering,  etc.,  and  education, 
are  rapidly  taking  up  mathematics  and  they  afford  great  opportunities 
for  joint  research  work.  I  believe  it  was  Lord  Kelvin  who  is  said  to 
have  remarked  that  if  one  could  state  a  scientific  fact  in  numbers  one 
really  knew  something  about  it,  otherwise  the  knowledge  was  not  very 
great.     Modern  science  is  rapidly  coming  to  realize  that  fact. 

In  my  own  field  of  endeavor  the  workers  are  relatively  few,  prob- 
ably because  group  theory  has  not  been  developed  sufficiently  far  to 
offer  practical  applications  such  as  are  found  in  statistical  theory  and 
mathematical  physics.  However,  it  has  practical  applications  in  geom- 
etry and  crystallography.  To  cite  an  illustration  of  research  that  re- 
quires no  great  mathematical  maturity  and  yet  is  sufficiently  worth- 
while, interesting  and  suggestive,  as  an  introduction  to  research  meth- 
ods, I  mention  the  application  of  the  permutations  found  in  the  sym- 
*  metric  group  of  order  six  to  the  parameters  of  curves  which  involve 
only  three  parameters  in  their  equations,  such  as  the  circle  or  the  special 
form  of  the  parabola  y=ax2+bx+c.  It  is  well  known  that  if  the 
homogeneous  co-ordinates  of  a  point  in  a  plane  are  subjected  to  these 
permutations,  in  general  six  distinct  points  will  be  determined  all  of 
which  are  vertices  of  a  Pascal  hexagon  and  hence  determine  a  conic 
section.  But  I  have  been  unable  to  find  any  further  development  or 
extension  of  this  idea  along  certain  lines,  such  as  the  division  of  the 
plane  into  well  defined  regions  such  that  if  one  of  these  points  occurs 
in  one  of  these  regions  all  of  the  six  points  are  in  that  region,  and  the 
conic  determined  is  always  the  same  kind  for  a  given  region.  The  exten- 
sion of  the  idea  to  higher  spaces  is  obvious.  Take  as  another  illustra- 
tion the  circle  x"+y2+ax+by+c=0,  and  permute  a,  b,  c.  In  general 
six  distinct  circles  will  be  determined  whose  centers  are  on  a  conic,  as 
is  to  be  expected.  They  will  be  equal  in  pairs  and  have  the  same 
straight  line  as  their  ccmmon  chord.  Other  interesting  geometrical  rela- 
tions will  also  be  found.  The  parabola  y=ax2+bx+c  treated  in  a  similar 
manner  yields  very  interesting  results.  While  all  this  is  elementary 
and  only  a  special  case  of  a  more  general  theory,  still  it  affords  a 
starting  point  for  the  beginner,  and  strange  as  it  may  seem,  very  little 
has  been  done  along  these  lines  with  the  group  theory  interpretations. 
And  the  results  are  probably  as  valuable  as  much  that  passes  as  re- 
search. While  it  is  tactless  and  indiscreet,  as  well  as  unkind,  to  desig- 
nate any  new  result  as  trivial  yet  it  can  not  be  denied  that  much  that 
is  published  today  as  research  will  probably  never  be  of  more  than 
passing  theoretic  interest,  if  even  that,  and  yet,  if  it  leads  to  some- 
thing that  is  worthwhile  or  adds  a  little  more  to  the  sum  total  of 
human  knowledge,  it  probably  justifies  itself. 

In  conclusion  then  my  advice  to  the  beginner  would  be  that  he 
make  a  start  in  whatever  field  that  may  be  of  special  interest  to  him, 
and  that  he  look  for  all  the  information  possible  in  this  field  in  the 
encyclopedias,  treatises  and  any  other  literature  accessible  to  him.     He 
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should  associate  whenever  and  wherever  possible  with  those  who  are 
working  along  kindred  lines.  And  he  should  keep  everlastingly  at  it. 
While  much  that  may  be  done  will  prove  worthless,  and  much  that  is 
discovered  will  apparently  almost  melt  away,  so  far  as  pages  are  con- 
cerned, when  prepared  for  publication,  it  must  be  remembered  that 
the  value  of  a  result  is  frequently  not  recognized  until  years  after 
its  discovery.  Furthermore,  the  discovery  that  a  certain  fact  is  already 
known  should  act  as  an  incentive  to  further  effort,  for  the  joy  in  finding 
the  truths  of  mathematics  should  be  just  as  great,  and  one  has  gained 
power  and  confidence  through  the  effort.  Moreover,  to  become  a  master 
in  any  field  requires  one  to  make  constant  study  and  application  of 
what  has  already  been  discovered,  and  the  investigator  with  a  working 
knowledge  of  a  field  is  well  on  the  road  to  successful  research. 
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THE  REPORTED  ORIGIN  OF  INDIAN  CORN  FROM 

TEOSINTE. 


Paul  Weatherwax,  Indiana  University. 

An  unusually  fascinating  problem  met  in  a  botanical  study  of  the 
Indian  corn  plant  is  that  pertaining  to  its  origin  and  relationships. 
Since  this  cereal  has  been  known  to  the  white  man,  no  plant  that  seemed 
to  be  its  wild  ancestor  has  ever  been  seen.  Either  the  centuries  of 
aboriginal  domestication  have  so  changed  the  cereal  that  we  do  not 
now  recognize  its  wild  progenitor,  or  the  latter  has  disappeared  or  be- 
come extremely  rare.  It  is  appropriate,  then,  that  the  chasm  be  bridged 
in  theory,  and  the  theories  and  hypotheses  that  we  have  in  this  connec- 
tion are  many.  The  merits  of  some  of  these  have  been  discussed  else- 
where.1 It  is  my  intention  to  deal  critically  here  with  only  one,  which 
has,  unfortunately  I  believe,  gained  wide  popular  publicity.  This  theory 
is  all  the  more  interesting  because  it  was  arrived  at  independently  by 
two  widely  separated  workers,  one  of  whom  is  adapted  to  give  it  pub- 
licity, and  the  other  to  give  it  the  stamp  of  scientific  approval. 

When  we  look  over  the  list  of  species  that  the  taxonomist  has 
grouped  with  Indian  corn  we  soon  eliminate  from  close  relationship 
all  but  one.  This  is  teosinte  (Euchlaena  ?nexicana  Schrad.),  which  still 
grows  wild  in  some  parts  of  Mexico.  This  plant  so  closely  resembles 
corn  in  vegetative  characteristics  and  in  staminate  inflorescence  that 
most  persons  pass  it  by  as  merely  a  peculiar  kind  of  corn.  In  the 
pistillate  inflorescence,  however,  the  difference  between  it  and  corn  is 
readily  seen. 

When  teosinte  first  became  generally  known  to  the  scientific  world 
it  was  thought  that  it  might  be  wild  corn.  In  many  respects,  however, 
teosinte  is  too  highly  specialized  to  stand  in  such  relationship,  and  most 
investigators  have  looked  in  other  directions  for  the  answer  to  the 
question. 

But  an  article  by  Robert  H.  Moultoir  describes  an  experiment  by 
Luther  Burbank,  in  which,  by  18  years  of  selection,  he  had  changed 
teosinte  to  corn.  This  report  was  reviewed  and  quoted  by  the  Literary 
Digest  of  July  9,  1921,  the  Indianapolis  Sunday  Star  of  January  22, 
1922,  and  possibly  other  papers,  and  has,  of  course,  been  read  and  be- 
lieved by  thousands.  Also  in  a  widely  distributed  monograph  on  "How 
Nature  Makes  Plants  to  our  Order"',  Burbank  explains  the  origin  of 
corn  from  teosinte  and  figures  an  ear  of  corn  by  the  side  of  a  "tiny 
Teosinte  ear  which  the  American  Indians  discovered  and  improved". 

1  Weatherwax,    Paul.      The    evolution    of    maize.      Bull.    Torrey    Bot.    Club,    45:309-342. 
1918. 

2  Published    in    the    St.    Louis    Post-Dispatch    and    the    Illustrated    World    about    1921. 
Exact  dates  of  publication  are  not   known  to  the  writer. 

3  Published  by  the   Luther   Burbank   Society,    Santa   Rosa,   Cal.      Copyright   date,    1913. 
See  pp.  14-16. 
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Substantially  the  same  results  have  been  reported  within  the  past 
year  by  Blaringhem4,  from  live  years  of  experimental  work  done  in 
Brazil,   by   Bento   de   Toledo. 

Neither  Burbank  nor  Toledo  has  anything  definite  to  say  about 
the  exact  nature  of  the  material  with  which  he  started  the  series  of 
selections.  It  was  merely  "teosinte",  and  beyond  this  their  figures 
are  allowed  to  speak  for  themselves.  But  it  must  be  remembered  that 
teosinte  hybridizes  freely  with  corn,  and  hybrids  of  all  degrees  are 
fertile  among  themselves  and  with  either  parent.  Neither  is  there 
any  mention  of  precautions  to  prevent  contamination  of  the  stock  by 
wind-blown  pollen  of  corn  during  tli2  experiment. 


Figs.  1-7.  Female  inflorescences  of  teosinte  and  hybrids.  1  and  2,  teosinte  used 
by  Toledo  in  breeding  experiments  ;  3,  teosinte  used  by  Buibank  ;  4,  teosinte  used  by 
Burbank,  according  to  Moulton  ;  5,  a  newspaper  reproduction  of  teosinte  supposedly 
used  by  Burbank  ;  6,  pistillate  spike  of  teosinte  from  Florida  ;  7,  pistillate  spike  of  a 
first   generation   hybrid  between   maize   and   the  type   of   teosinte   shown   in   fig.    6. 


An  examination  of  the  accompaying  figures  of  female  inflorescences 
may  be  enlightening.  Figures  1  and  2  (copies  of  Blaringhem's  figure 
III,  a  and  b)  represent  the  teosinte  used  by  Toledo.  Figure  3  is  the 
teosinte  shown  by  Burbank  in  the  monograph  previously  cited.  Fig- 
ure 4  is  from  Moulton 's  article  as  copied  in  the  Literary  Digest.  Al- 
though the  statement  is  not  specifically  made,  the  inference  can  safely 
be  drawn  that  it  is  thought  to  be  the  type  with  which  Burbank  began 
his  work.  Figure  5,  from  the  Indianapolis  Sunday  Star,  bears  the 
legend,  "the  Tiny  Teosinte  Ear  (Wild  Grass)  with  which  Luther  Bur- 
bank, the  California  Plant  Wizard,  began  his  experiements  in  1903". 
It  resembles  a  poor  copy  of  figure  4. 

Figure  G  is  a  pistillate  spike  of  teosinte  secured  from  a  seed  farm 
in  Florida.  It  is  the  type  generally  regarded  as  free  as  any  that  is 
known  from  contamination  with  corn.     Figure  7  shows  a  pistillate  spike 


4  Blaringhem,    L.     Note  sur  l'origine  du  mais. — Metamorphose  dc  TEuchlaena  en  Zea, 
obtenu  au  Bresil   par  Bento   de  Toledo.     Ann.   Sci.    Nat.   Bot.   6:245-263.      1924. 
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of  a  first  generation  hybrid  between  ordinary  maize  and  the  type  of 
teosinte  shown  in  figure  6.  The  resemblance  between  this  figure  and 
figures  1-5  is  at  once  suggestive.  There  seems  to  be  little  room  for 
doubt  that  the  breeding  stock  used  by  both  Burbank  and  Toledo  was 
already  as  much  corn  as  teosinte,  and  that  both  have  simply  selected 
out  the  characteristics  of  corn  possessed  by  the  hybrid. 

That  both  did  change  the  nature  of  the  stock  used  is  not  to  be 
doubted.  But,  on  the  basis  of  the  figures  cited,  it  is  the  writer's 
opinion  that  the  probable  impurity  of  the  original  stock  and  its  possible 
contamination  with  corn  during  the  experiment  are  sufficient  to  invali- 
date any  conclusions  that  may  be  drawn  from  the  experiment  as  to  the 
ancestry  of  Indian  corn. 


NOTES  ON  GRASSES— II. 


Paul  Weatherwax,  Indiana  University 

The  following  are  preliminary  reports  on  two  investigations,  full 
details  of  which  will  later  be  published  elsewhere. 

Carpellody  in  maize. — The  experimental  inbreeding  of  maize  has 
brought  to  light  many  latent  characteristics  not  ordinarily  connected 
with  the  plant  in  general  botanical  conception.  One  series  of  these 
occur  in  the  form  of  various  imperfections  of  the  grain,  either  the 
endosperm  or  the  embryo  being  poorly  developed.  Most,  if  not  all, 
of  these  are  inherited  as  Mendelian  recessive  seed  characters.  Another 
type  of  imperfect  grain,  however,  similar  to  these  in  appearance,  is 
inherited  as  a  recessive  plant  character.  It  may  occur  in  a  few  or 
many  of  the  spikelets  of  the  ear.1 

This  anomaly  has  been  found  to  constitute  a  case  of  pistillody,  or 
probably  more  accurately,  carpellody.  One,  two,  or  all  three  of  the 
rudimentary  stamens  in  the  functional  pistillate  flower  are  metamor- 
phosed into  the  resemblance  of  pistils.  The  style  and  stigma  of  these 
are  much  like  those  of  the  normal  pistil  in  appearance  and  in  detailed 
structure.  The  ovarian  portion,  however,  has  no  true  ovarian  cavity, 
and  no  ovule. 

The  metamorphosis  of  the  androecium  is  evident  in  early  stages 
of  development  of  the  flower,  but  the  full  development  of  the  super- 
numerary structures  is  dependent  upon  fecundation  in  the  normal  ovary, 
around  whose  base  they  are  attached. 

A  comparison  of  these  carpellodia  with  normal  pistils  gives  a  basis 
for  interesting  speculation   as  to  the  morphology   of  the  latter. 

Many-flowered  spikelets  in  maize. — The  normal  spikelet  of  maize 
has  a  typical  two-flowered  structure,  and  the  full  complement  of  bracts. 
The  upper  of  these  two  flowers  is  the  more  advanced  in  development. 
Suppression  of  the  gynoecium  of  flowers  of  the  tassel  during  develop- 

1  Seeds    of    two    strains    showing    this    character    were    sent    to    the    writer    by    P.    C. 
Mangelsdorf,    of    the    Connecticut    Agricultural    Experiment    Station. 
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ment  leaves  these  staminate;  suppression  of  the  entire  lower  flower, 
and  the  androecium  of  the  upper  flower,  of  the  ear  spikelet  reduces  it 
to  a  one-flowered  pistillate  structure. 

A  variation,  supposed  to  be  hereditary,  has  been  found,  in  which 
some  spikelets  of  the  tassel  have  assumed  the  indeterminate  form, 
the  lower  flower  being  more  advanced  in  development,  and  the  number 
of  flowers  being  increased  to  three  or  often  many  more.  This  is 
accompanied  by  a  change  in  sex,  the  pistils  instead  of  the  stamens 
being  functional. 

In  extreme  cases  the  rachilla  of  the  spikelet  has  continued  to 
develop  until  it  is  similar  to  the  cob  of  an  ear.  This  structure  itself 
often  bears  two  or  four  rows  of  pairs  of  spikelets,  the  whole  having 
the  character  of  a  small  four-  or  eight-rowed  ear.  The  homology  be- 
tween this  structure  and  a  normal  spikelet  is  seen  in  the  empty  glumes 
at  the  base,  and  in  its  constant  association  with  a  normal  or  slightly 
metamorphosed   staminate   spikelet. 
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MECHANICAL  INJURIES  CAUSED  BY  WEEDS  AND 
OTHER  PLANTS. 


Albert  A.  Hansen,  Purdue  University  Agricultural  Experiment  Station/ 

Weeds  are  usually  regarded  as  a  class  of  plants  that  cause  damage 
by  intruding  upon  the  soil  at  the  expense  of  more  useful  vegetation. 
A  large  number  of  weeds,  however,  cause  considerable  damage  by  in- 
flicting injuries  in  a  mechanical  manner,  a  type  of  injury  seldom  con- 
sidered when  estimates  are  made  concerning  losses  due  to  weeds. 

Wool  growers  in  all  parts  of  the  country  suffer  severe  losses  due 
to  dockage  occasioned  by  the  presence  of  burs;  many  ranchmen  lose 
heavily  when  grass  awns  cause  loss  of  condition  and  death  on  the  range, 
and  tanners  incur  loss  from  hides  damaged  by  grass  punctures  and 
bur  scratches.  In  a  variety  of  other  ways  plant-mechanical  injuries 
are  far   reaching  in   effect. 

Kinds  of  plant-mechanical  injuries. — Among  the  various  kinds  of 
mechanical  injuries  caused  by  plants  are: 

1.  The  awnecl  fruits  of  certain  grasses  and  other  plants  some- 
times cause  death  by  penetrating  the  walls  of  the  alimentary  tract. 
Such  plant  parts  may  also  puncture  the  skin,  thus  damaging  the  hides,, 
and  occasionally  they  penetrate  the  kidneys  and  other  internal  organs. 
Grass  awns  frequently  cause  such  extreme  soreness  in  the  mouths  of 
grazing  animals  that  the  afflicted  animals  are  unable  to  eat  and  starve 
to   death. 

2.  Various  burs  and  other  plant  parts  become  entangled  in  wcol 
and  mohair,  causing  heavy  dockage.  The  irritation  and  pain  due  to 
burs,  spines,  etc.,  are  responsible  for  considerable  loss  of  flesh  of  live- 
stock and  causes  cows  to  give  less  milk.  Occasionally  burs  lodge  in  the 
throats  of  animals  in  such  a  manner  as  to  prevent  the  swallowing  of 
food. 

3.  Heavy  spines  and  thorns  tear  out  the  wool  of  sheep  and  injure 
the  eyes  of  animals  severely.  They  also  tear  clothing  and  frequently 
cause  severe  flesh  wounds  in  man  and  animals. 

4.  Certain  diseases,  of  which  lumpy  jaw  (actinomycosis)  is  an 
example,  enter  the  system  only  after  the  skin  has  been  punctured  by 
spines,  thorns   and   other  plant  parts  usually  contained   in   the   forage. 

5.  Certain  plants,  such  as  the  nettles,  possess  stinging  hairs  capable 
of  inflicting  great  pain. 

6.  The  alimentary  tracts  of  animals  are  occasionally  clogged  by 
seeds  and  bezoars,  sometimes  with  fatal  results. 

1  Contribution    from    the    Bctany    Department,    Purdue    University    Agricultural    Ex- 
periment   Station. 
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7.  The  pollen  of  a  number  of  wind-pollinated  plants  possess  spicu- 
lated  coats  which  irritate  the  nasal  mucosa,  especially  of  persons  sub- 
ject to  hay  fever. 

Damage. — Damage  clue  to  mechanical  injuries  by  weeds  and  other 
plants  occurs  in  all  parts  of  the  United  States  and  there  are  probably 
few  farms  free  from  such  injuries.  The  heaviest  losses  are  suffered 
among  grazing  animals  on  our  western  ranges  and  by  sheep  wherever 
raised. 

Although  the  loss  due  to  mechanical  injuries  upon  the  individual- 
farm  are  rarely  heavy,  except  in  the  grazing  regions  of  the  west,  the 
annual  total  of  these  minor  losses  throughout  the  United  States  is  con- 
siderable. There  is  no  data  available  upon  which  a  reliable  estimate 
can  be  based. 

Undoubtedly  the  greatest  damage  is  caused  by  awned  seeds  and 
fruits  of  grasses  such  as  Hordeum  jubatum  and  Stipa  spartea.  For 
instance,  Fleming  and  Peterson,  in  discussing  the  losses  to  sheep  in- 
curred by  the  awns  of  Hordemu  jubatum,  state:  "The  actual  deaths 
vary  in  different  bands.  .  .  .  Unless  preventive  measures  are  taken 
the  mortality  is  high,  even  from  a  short  feeding  season  on  hay  con- 
taining a  considerable  percentage  of  squirrel-tail  grass."" 

In  Australia,  where  conditions  somewhat  similar  to  those  existing 
in  parts  of  the  United  States  prevail,  one  authority  estimates  the  mor- 
tality to  sheep  during  seasons  when  grasses  seed  abundantly,  to  be  as 
high  as  50  per  cent  among  lambs  and  10  per  cent  in  mature  sheep. 
Several  of  the  species .  of  injurious  grasses  which  are  prevalent  in 
Australia  occur  abundantly  in  the  United  States.  The  total  value  of 
sheep  in  the  United  States  on  January  1,  1920,  was  over  $500,000,000.00, 
so  the  possibilities  for  damage  are  great. 

Not  only  are  heavy  losses  caused  by  the  death  or  loss  of  condition 
of  animals,  but  the  damage  to  leather  and  wool  is  considerable.  Some 
indication  of  the  extent  of  damage  caused  by  cocklebur  alone  may  be 
secured  from  the  following  statement  by  J.  S.  McHargue  of  the  Ken- 
tucky Agricultural   Experiment   Station : 

"A  rather  conservative  estimate  shows  that  cockleburs  cause  an 
annual  loss  of  at  least  $50,000.00  to  the  wool  growers  in   Kentucky."3 

An  attempt  was  made  by  the  writer  to  ascertain  the  amount  of 
loss  to  leather  and  to  wool  due  to  the  presence  of  grass  awns,  grass 
seeds  and  burs,  by  sending  inquiries  to  several  large  dealers  in  leather 
and  wool.  Some  of  the  statements  made  in  reply  are  interesting  and 
serve  to  shed  some  light  on  the  subject  and  they  are  therefore  quoted: 

"We  believe  that  we  can  conservatively  say  that  from  10  to  15 
percent  of  our  wool  output  through  most  months  of  the  year  is  brought 
down  very  considerably  in  value  due  to  the  presence  of  burs  and  seeds. 
The  damage  to  skins  that  we  turn  into  leather  is  so  great  at  certain 
seasons  that  they  are  practically  ruined  and  the  injury  is  quite  difficult 
to  cover  with  figures."  Henry  C.  Hellwig,  Legallet,  Hellwig,  Norton 
Company,  San  Francisco,  California. 

2  Bulletin   97,    Nov.   Agr.    Exp.   Stat.     Aug.,    1919.      p.    17. 

3  Ecology.     Vol.   11,   No.   2,   April,   1921.     p.    100. 
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"At  certain  times  in  the  year,  the  skins  from  sheep  from  certain 
districts  are  rendered  practically  valueless  by  the  presence  of  these 
seeds.  In  the  spring  and  early  summer  skins  taken  from  the  sheep 
which  were  raised  in  California  and  other  far  western  states  are  prac- 
tically full  of  holes  where  these  seeds  have  been.  This  reduces  the  value 
of  the  skins  to  about  one-third  of  what  it  would  normally  be.  As  a 
concrete  illustration,  skins  which  today  are  worth  $11.00  per  dozen 
when  free  from  burs  are  only  worth  about  $5.00  or  $6.00  if  they  have 
these  seeds  or  burs  in  them."  A.  C.  Lawrence  Leather  Co.,  Boston, 
Massachusetts. 

"A  free  wool  sells  at  $1.50  per  pound.  The  same  quantity  of  seedy 
wool  when  finished,  sells  for  $1.07.  The  damage  (to  skin)  due  to 
awned  grass  seeds  is  quite  heavy.  A  seedy  skin  is  usually  reduced 
from  30  per  cent  to  40  per  cent  on  value."  Otis  I).  Swain,  Winslow 
Bros.  &  Smith  Co.,  Norwood,  Mass. 

"Wool  and  sheep  skins  are  damaged  approximately  35  per  cent 
when  they  have  cockleburs,  cloverburs,  spiralburs  and  foxtail  in  them. 
Some  of  these  defects  in  wool  not  only  reduces  the  value  of  the  wool 
but  also  reduces  the  value  of  the  slats  and  mutton.  Approximately  50 
to  75  per  cent  of  the  lambs  killed  in  this  section  during  May,  June  and 
July  have  skins  which  show  damaged  slats  due  to  the  wild  oats  and 
spiralburs  penetrating  the  skins."  R.  M.  Chaplin,  Western  Meat  Co., 
San  Francisco,  Colifornia. 

A  note  in  the  Agricultural  Gazette  of  New  South  Wales  states4 
that  burless  clover  is  recommended  for  sheep  pastures  in  Australia 
since  "burry  wool"  sells  at  3^  to  4^d  per  pound  while  wool  of  the 
same  quality,  free  from  burs,  sells  at  6  to  71/£d  per  pound.  It  further 
states  that  American  buyers  of  Australian  wool  show  a  decided  prefer- 
ence for  wool  free  from  burs. 

In  Oregon  it  was  estimated  that  10  per  cent  of  the  wool  marketed 
from  the  ranches  of  the  eastern  part  of  the  state  was  discounted  about 
20  per  cent  in  value  on  account  of  the  presence  of  hoarhound  and  al- 
filaria5. 

On  the  Baltimore  market  one  report  shows  that  burry  wool  was 
discounted  two  to  six  cents  per  pound,  according  to  the  quantity  of 
burs  present.  The  quotations  for  regular  grades  at  that  time  ranged 
from  17  to  23  cents  per  pound.0 

Considered  from  the  point  of  view  of  actual  damage  done,  awned 
fruits  and  seeds  and  spiny  burs  are  of  the  greatest  importance.  Next 
in  importance  is  probably  the  losses  due  to  impaction.  Here  again 
figures  are  difficult,  if  not  impossible,  to  secure,  but  it  is  probable  that, 
due  to  difficulty  in  diagnosis,  the  actual  losses  can  never  be  correctly 
determined. 

The  losses  caused  by  the  formation  of  hairballs  or  phytobezoars  in 
the  stomachs  of  grazing  animals  have  been  greatly  reduced  during  re- 
cent years  on  account  of  increased  knowledge  on  the  part  of  farmers 
regarding  methods  of  avoiding  the  trouble. 

4  16:76.     January  3,   1905. 

5  Portland   Oregonian,   April   13,    1901. 

6  Daily   Produce  Report,   Baltimore,   Md.,   Sept.  3,   1901. 
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The  injury  to  health  attributed  to  the  mechanical  action  of  pollen 
grains  is  noteworthy. 

All  other  plant  mechanical  injuries  must  be  considered  as  minor 
when  compared  with  those  previously  discussed,  although  in  the  ag- 
gregate they  cause  a  large  amount  of  damage  every  year. 


Fig.     1.       Squirrel-tail 
awned    fruits     ("seeds"). 


iss     {Hordeum    jubatum) ,    showing    the    bristly    masses    of 


Mechanical  Injuries  Caused  by  Awned  Seeds  and  Fruits. 

Of  the  various  types  of  mechanical  injuries  caused  by  plants  probably 
the  most  painful  are  due  to  the  action  of  awned  seeds  and  fruits.  The 
awned  grains  (popularly  called  seed)  of  various  members  of  the  grass 
family  are  conspicuous  in  this  respect.  Horses,  cattle,  sheep,  goats, 
chickens  and  dogs  suffer  from  these  mechanical  injuries.  The  damage 
is  greatest  from  July  to  September,  the  period  during  which  most 
grasses  ripen  their  seeds.  Sheep,  on  account  of  their  heavy  fleece  and 
comparatively  thin  skin  and  tender  flesh,  are  probably  more  susceptible 
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to  grass  injury  than  are  other  types  of  animals.  Hordeum  jubatum, 
known  by  the  common  names  squirrel-tail  grasses,  wild  barley,  foxtail, 
and  tickle  grass,  (fig.  1)  is  noteworthy  for  the  amount  of  damage  it 
causes.  Entire  herds  of  sheep  are  sometimes  infested  with  its  barbed 
awns,  and  the  plant  is  responsible  for  many  deaths  on  the  range.  When 
ewes  are  killed  at  lambing  time,  the  offspring  usually  perish  with  their 
parents,  an  indirect  loss  that  may  be  heavy. 

A  source  of  considerable  loss  is  the  decreased  flow  of  milk  from 
milk  cows  and  the  loss  of  flesh  in  livestock,  as  a  result  of  the  extreme 
irritation  caused  by  grass  awns  and  other  penetrating  plant  parts. 


Fig.   2.     Left  above. — Fruiting-  head  of  false  tickle-grass    (Sitanion   hystrix) . 

Below. — Awned  fruits  of  false  tickle-grass.  These  fruits  become  embedded  in  the 
eyes  and  flesh  of  animals,  causing  festering  sores.  They  also  injure  the  digestive  tract. 
To  the  right  of  the  false  tickle-grass  fruits  may  be  seen  a  section  of  a  steer's  tongue 
showing  a  grass  awn  which  has  penetrated  the  flesh.  The  area  surrounding  the  awn  is 
infected  with  the  organism  causing  lumpy  jaw    (actinomycosis).     Highly  magnified. 

Right  above. — Enlarged  view  of  two  awned  fruits  jf  alfilaria  (Erodium  deuterium) 
showing  the  twisted  awns  and  pointed,  hairy  tips.  The  fruits  are  similar  in  action  and 
mechanism  to  the  fruits  of  porcupine  grass. 

Below. — Awned  fruits  of  porcupine  grass  or  corkscrew  grass  (Stipa  spartea) .  Note 
the  twisted  awn  and  the  sharp,  hairy  tip  of  the  fruit,  the  hair  pointing  away 
from   the   tip.     A   single   tip   enlarged   is   shown   in   the   lower  right   corner. 


234 


Proceedings  of  Indiana  Academy  of  Science 


Species  of  Awned  Plants  Causing  Mechanical  Injuries. — Among  the 
species  of  grasses  responsible  for  the  greatest  amount  of  damage  are 
squirrel-tail  grass,  or  wild  barley,  various  species  of  porcupine  or  cork- 
screw grass  (fig.  2)  the  most  dangerous  of  which  are  Stipa  spartea 
and  S.  cow  at  a;  chess,  (Bromus  tectorum,  B.  villosus  and  other  species 
of  Bromus;  fig.  3),  three-awned  grass  (Arisiida  spp.,  particularly  A. 
fasciculate,)  ;  wild  oats  (Avena  fatua,  fig.  3,  and  A.  barbata)  ;  bottle 
brush    grass     (Hystrix   hystrix)  ;    foxtail,     (Setaria    spp.)  ;    false    tickle- 


Fig.  3.  Left — Early  chess  or  downy  brome  grass  (Bromus  tectorum)  .  The  range  of 
this  species  has  greatly  increased  during  the  past  few  years.  Upper  center — Single  fruit 
of  early  chess,  showing  the  awn.  (Enlarged.)  Upper  right — Awned  fruits  of  Bromus 
villosus.  Directly  underneath  are  shown  the  awned  fruits  of  wild  oats  {Avena  fatua). 
Lower  left — Two  fruits  of  early  chess,  enlarged  to  show  the  barbs  on  the  awns  which 
enable  awn  sections  to  penetrate  the  eyes  and  mucous  membrane,  causing  serious  irrita- 
tion. The  seeds  mature  early,  when  other  grazing  plants  are  scarce.  Lower  right — 
Enlarged  view  of  the  awns  of  squirrel  tail  grass  (Hordeum  jubatum) ,  showing  the  tiny 
barbs  on  the  awns. 
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grass,  (Sitanion  hystrix,  fig.  2)  ;  buzzard  grass  (Heteropogon  contor- 
ius)  ;  gramma  grass  (Bouteloua  aristidoides) ,  lovi-lovi  grass  (Andropo- 
gon  aciculatus) ,  a  common  pasture  grass  on  the  island  of  Guam  and 
in  the  Philippine  Islands;  a  species  for  which  no  recognized  common 
name  exists,  Ra/phis  pauciflco'a,  and  bronco  grass,  (Bromus  rub  ens) . 
In  addition  to  the  grasses,  there  are  a  number  of  other  plants  that 
produce  awned  seeds  or  fruits,  such  as  alfilaria  (Er  odium  cicutarium, 
fig.  2)   and  beggar-ticks   (Bidens  spp.,  fig.  5). 

Where  the  Greatest  Losses  Occur. — Injuries  from  awned  seeds  and 
fruits  are  heaviest  upon  our  western  grazing  lands,  where  the  annual 
losses  are  considerable.  Bronco  grass  is  particularly  bad  in  California. 
Stock  eat  the  plants  in  the  fall  when  other  forage  is  short.  Early 
chess  (Bromus  tectorum,  fig.  3)  grows  in  the  same  region  as  the  bronco 
grass  but  it  is  not  as  troublesome  because  the  species  is  not  as  palatable 
as  bronco  grass.  Bromus  villosus,  an  awned  grass  growing  principally 
in  California,  was  recently  found  in  Maryland;  the  plant  is  apt  to  spread 
in  sandy  soil  and  may  become  exceedingly  troublesome.  Three-awned 
grass,  (Arislida  fasciculata)  is  especially  troublesome  in  Arizona  where 
its  awned  seeds  occasionally  kill  sheep.  Hordeum  jubatum  is  trouble- 
some throughout  the  western  grazing  areas  while  Hordeum  murinum 
causes  greatest  damage  in  the  southwest.  Species  of  common  foxtail, 
Setaria  spp.,  are  abundant  in  practically  all  agricultural  areas  of  the 
United  States. 

Mechanical  Means  by  Which  Injuries  are  Produced. — The  mechanical 
means  by  which  the  awned  fruits  and  seeds  cause  injuries  vary  in 
different  plants. 

A  cemmon  method  is  represented  by  the  awned  seeds  of  Hordeum 
jubatum,  (fig.  1).  This  species  produces  seeds  in  abundance;  each  seed 
(fruit)  is  equipped  with  a  long,  slender  awn  or  beard  covered  with 
numerous  tiny  barbs  (fig.  3),  all  bent  backwards,  their  tips  pointing 
away  from  the  seed.  When  cattle,  sheep  or  horses  browse  upon  the 
grass  or  eat  hay  contaminated  with  the  pest  the  slender  stiff  awns 
break  into  small  sections  which  penetrate  the  flesh.  The  tiny  barbs 
permit  the  awns  to  work  in  but  do  not  allow  them  to  come  out. 
The  pieces  of  awns  are  heavily  cutinized,  consequently  they  do  not 
decay  rapidly.  Other  grasses  which  act  in  a  similar  manner  are  false 
tickle-grass,  (Sitanion  hystrix,  fig.  2)  and  the  cultivated  plants  wheat, 
rye  and  barley. 

The  awned  seeds  (fruits)  of  Stipa  spatrtea  work  in  a  different  man- 
ner. The  tip  of  the  seed  is  exceedingly  sharp  and  the  body  is  covered 
with  hairs  pointing  away  from  the  tip  (fig.  2),  in  such  a  manner 
that  when  the  seed  once  penetrates  the  flesh  the  hairs  permit  it  to 
work  inward  but  prevent  egress.  The  opposite  end  of  the  seed  is  pro- 
vided with  a  long,  spirally  twisted  awn,  sometimes  five  or  six  inches 
long,  which  works  hygroscopically,  relaxing  when  damp  and  coiling  when 
dry.  This  constant  twisting  motion  coupled  with  the  body  movements 
of  the  animal  drives  the  pointed  seed  inward.  Porcupine  grass  is  par- 
ticularly injurious  to   sheep  and   dogs.     The  awned   "seeds"  of  alfalfa 
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(Erodium  cicutarium) ,  a  member  of  the  geranium  family,  operate  in  a 
similar  manner   (fig.  2). 

Character  of  Injuries  Produced. — In  general,  the  penetrating  plant 
parts  may  form  (1)  internal  abscesses,  (2)  pustules  directly  under  the 
skin,  or  (3)  cysts  unaccompanied  by  pus.  The  kinds  of  injuries  inflicted 
are  as  follows : 

1.  Eye  Injuries. — The  awns  or  pieces  of  the  awns  enter  the  eyes 
of  grazing  animals  and  dogs,  causing  extreme  soreness  accompanied  by 
a  profuse  flow  of  tears  and  the  formation  of  pus,  followed  frequently 
by  partial  or  absolute  blindness.  Animals  with  fine  hair  or  wool  sur- 
rounding the  eyes,  as  sheep,  are  particularly  susceptible  to  this  form 
of   injury. 


Fig.  4.  Tongue  of  a  horse  that  died  in  Huntington  County,  Indiana,  from  the  effects 
of  eating  over-ripe  foxtail  hay.  Note  the  hundreds  of  foxtail  beards  which  penetrated 
the  flesh,  resulting  in  swelling  and  death.      (Photograph  by  Dr.  R.   A.  Craig.) 


2.  Injuries  to  the  Nose,  Mouth  and  Digestive  Tract. — The  awned 
fruits  of  grasses  and  other  plants  readily  penetrate  the  soft  skin  of 
the  nose  and  the  mucous  membrane  of  the  digestive  tract,  causing  pain- 
ful inflammation  that  may  prove  fatal.  Infestation  of  the  mouth  is 
usually  accompanied  by  excess  salivation  and  bad  mouth  odors.  Occa- 
sionally the  tongue  and  throat  become  so  swollen  as  a  result  of  the 
penetration  of  the  awns  that  the  affected  animals  cannot  swallow  and 
the  victim  starves  to  death.  The  awns  of  squirrel-tail  grass  frequently 
insinuate  themselves  between  the  teeth,  working  their  way  through  the 
gums  and  into  the  marrow  cavity  of  the  jaw  bone,  thus  causing  a 
loosening  and  falling  out  of  the  teeth  and  severe  ulceration  of  the  jaw 
bone.  So  great  is  the  resulting  swelling  that  affected  animals  are  some- 
times suspected  of  suffering  with  tuberculosis  or  with  actinomycosis 
(lumpy  jaw),     The  awned  seeds  of  porcupine  grass,  and  other  seeds 
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similarly    equipped,    occasionally    enter    the    intestines,    puncturing-    the 
intestinal  walls  and  causing  death. 

An  interesting  case  of  foxtail  injury  was  reported  by  Dr.  R.  A. 
Craig  of  the  Purdue  University  Agricultural  Experiment  Station.  The 
trouble  occurred  in  Huntington  County,  Indiana,  where  five  horses  died 
in  the  fall  after  eating  feed  containing  considerable  mature  foxtail.  In 
describing  the  case  to  the  writei  Doctor  Craig  said  "The  awns  were  dis- 
tributed all  through  the  lungs  and  mouth  parts.  The  tongue,  which 
was  badly  swollen,  was  completely  riddled  with  the  awns  (fig.  4)  and  all 
the  mouth  parts  were  badly  ulcerated.  The  lining  membrane  was  com- 
pletely gone."  The  awns  were  identified  as  common  foxtail  (Setaria  sp.) 
by  the  Botany  Department  of  the  Purdue  University  Agricultural  Ex- 
periment Station. 

3.  Injuries  to  Wool  and  Mohair. — The  presence  of  the  "seeds"  of 
beggar-tick  (fig.  5),  porcupine  grass,  etc.,  in  wool  and  mohair  causes 
severe  dockage  since  such  plant  parts  are  difficult  to  remove.  In  addi- 
tion, infesting  grass  awns  cause  the  shedding  of  both  wool  and  mohair. 

4.  Injuries  to  Hide  and  Flesh. — "Seeds"  with  twisting  awns,  as 
porcupine  grass,  alfilaria  and  buzzard  grass,  frequently  penetrate  the 
skin,  causing  injury  to  the  hide.  A  sheep  was  noted  in  Illinois  with 
its  skin  so  badly  infested  with  the  seeds  of  porcupine  grass  that  the 
appearance  suggested  a  pin  cushion.  Hides  from  badly  infested  animals 
may  show  thousands  of  tiny  pits  and  punctures  caused  by  seeds.  The 
seeds  are  usually  arrested  in  the  tissue  directly  under  the  skin,  but 
occasionally  they  penetrate  the  muscles  and  may  even  enter  the  heart, 
lungs,  intestines  and  other  internal  organs,  causing  injuries  that  may 
prove  fatal.  The  injuries  to  horses  and  cattle  are  apt  to  be  superficial 
in  character,  while  sheep  and  goats  are  more  susceptible  to  internal 
injuries.  Infested  animals  often  refuse  to  graze  since  walking  causes 
sharp  pains.  As  a  consequence  of  the  lack  of  food,  combined  with 
severe  pain,  the  animals  lose  flesh  rapidly  and  in  some  cases  die.  Young, 
immature  animals  are  more  apt  to  succumb  than  adults.  The  condition 
of  the  skin  and  mouth  parts  is  usually  indicative  of  the  trouble. 

5.  Injuries  to  the  Feet. — The  seeds  and  awns  of  a  number  of  species 
of  grasses,  conspicuous  among  which  are  Aristida  fasciculata,  Hordeum 
jubatum,  Bouteloua  aristidoides  and  Heteropogon  contortus,  often  pene- 
trate the  soft  tissues  around  the  hoofs  of  grazing  animals.  The  result- 
ing lesions  may  become  infected  by  bacteria,  producing  inflammation 
that  may  spread  to  other  parts  of  the  leg.  Foot  injuries  of  this  char- 
acter may  be  mistaken  for  other  foot  diseases  of  animals,  but  a  thor- 
ough examination  of  the  affected  tissue  should  reveal  the  plant  parts 
responsible  for  the  trouble,  thus  permitting  a  correct  diagnosis.  A 
typical  example  of  this  form  of  injury  is  presented  by  sand  grass 
(Aristida  fasciculata)  in  Arizona  where  death  to  sheep  results  from 
foot  ulcerations  produced  by  the  awned  seeds  of  this  species. 
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Mechanical  Injuries  Caused  by  Spines,  Thorns,  Etc. 

There  are  a  number  of  plants  which  tear  the  flesh  of  animals. 
Such  plants  are  usually  equipped  with  large  thorns,  as  thorn  apple, 
(Crataegus  spp.)  ;  with  hooked  fruits,  as  the  unicorn  plant  (Martynia 
louisiana) ,  or  with  spines,  as  the  melon  cactus  (E 'chino cactus  spp.  fig.  5). 
Occasionally  the  plant  part  causing  the  injury  may  remain  in  the  wound 
for  several  days,  as  in  the  case  of  the  fruits  of  the  unicorn  plant. 

A  very  abundant  plant  on  the  island  of  Guam  is  the  aroma  (Acacia 
farnesiana),  which  possesses  thorns  that  inflict  painful  wounds  on  the 
legs    of   horses.      The   wounds    swell    and    frequently    develop    into    raw 


Fig.  5.  Left.  A  cactus  plant  (Echinocactus)  from  Lower  California,  showing  the 
curved   spines,    capable   of  tearing   the   flesh   of  animals. 

Right  above. — Fruiting  head  of  Spanish  needles  (Bidcns  bipinnata)  and  fcur-awnecl 
fruits. 

Middle. — Tips  of  awned  fruits  of  Spanish  needles,  enlarged  to  show  the  barbed  awns. 

Below. — Awned  fruits  of  beggar- tick  (Bidens  frcndosa) .  The  tiny  barbs  on  the  awns 
enable   the   fruits  to   attach   themselves  to   wool,   from   which   they   are   difficult   to   remove. 


sores.     The  same  species  occurs  on  the  plains  and  prairies  of  southern 
Texas,  where  it  is  called  huisache,  and  to  soma  extent  in   Florida. 

In  dry  regions  and  during  times  of  drought  animals  sometimes  eat 
cacti  or  else  attempt  to  split  them  with  their  hoofs  in  order  to  obtain 
the  cool,  succulent  interior.  In  so  doing  the  spines  of  the  cacti  may 
inflict  painful  wounds.  Dr.  Vasey,7  in  discussing  the  use  of  cacti  as  food 
for  sheep  and  cattle,  states:  "A  number  of  instances  are  reported  of 
cattle  having  died  from  the  accumulation  of  spines  in  the  mouth  and 

7  U.   S.  Dcpt.   Agr.,   Div.   of  Eot.,  Bull.   No.   !3;   p.   50. 
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stomach.  The  jaws  and  neck  sometimes  become  swollen  and  inflamed 
from  the  presence  of  the  spines.  The  tongue  has  been  known  to  become 
so  inflamed  with  them  as  to  be  rendered  unfit  for  food.  How  this 
amount  of  injury  can  occur  and  not  affect  the  growth  of  the  animal  it 
is  difficult  to  see." 
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Fig.  6.  Left. — Spiny  cocklebur  (Xanthium  apinosunt) .  The  spines  tear  the  flesh  of 
animals  and  the  burs  infest  the  fleece  of  sheep.      Four  burs  are  pictured  separately. 

Right. — Hound's  tongue  (Cynoglossuni  officinale) .  The  prickly  "seeds,"  illustrated 
in  the   lower   right   corner,   injure  wool  and  mohair. 


The  sharp  spines  of  mature  Russian  thistle  plants  are  so  injurious 
to  the  legs  of  horses  that  in  parts  of  the  middle  west  the  use  of  high 
boots  as  a  protection  to  horses'  legs  has  been  resorted  to.s 

Cattle  are  also  fond  of  the  flowers,  pods  and  the  succulent  crown  of 
yucca  (Yucca  spp.)  and  poke  their  noses  into  the  mass  of  leaves  in  order 

8  Pammel,   L.   H.,   Iowa  Agr.   Exp.   Stat.,  Bull.   38,   p.   17. 
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to  get  at  the  desired  parts.     In  so  doing  the  sharp  tips  of  the  leaves 
may  cut  deep  gashes  in  the  nose  and  mouth  parts. 

The  grapple-plant  of  South  Africa  (Harpagophyton  sp.)  produces 
spiny  fruits  close  to  the  ground  which  cling  to  the  hoofs  of  deer  and 
sheep  for  weeks  at  a  time.  It  is  said  that  when  lions  eat  infested  ani- 
mals they  are  sometimes  killed  by  the  lodgment  of  the  grapple-plant 
fruits  in  the  throat. 

The  noses  and  lips  of  animals  are  frequently  punctured  by  the 
stiff,  needle-like  leaves  of  low-growing,  scrubby  pines  such  as  are  some- 
times found  in  grazing  areas  in  high  altitudes. 

Several  species  of  plants  cause  injury  to  the  hands  during  harvest- 
ing, as  for  instance  the  Canada  thistle  (Cirsinm  arvense)  and  yellow 
burweed  (Amsincki  intermedia)  which  frequently  cut  flesh  when  mixed 
with  wheat  that  is  handled  during  harvest.  In  the  southern  states,  saw 
brier  (Smilax  glauca) ,  a  weed  of  field  crops,  is  responsible  for  similar 
trouble.  Any  person  who  has  ever  gone  barefooted  in  the  country  is 
aware  of  the  pain  possible  from  thorns  and  spines  of  wild  plants. 

Hay  frequently  contains  thistles  and  sharp-pointed  thorns,  spines 
and  small  plant  parts,  which  tear  the  flesh  of  the  nose  and  mouth  parts 
of  animals.  It  is  interesting  and  important  to  note  in  this  connection 
that  the  fungus  which  causes  actinomycosis  or  lumpy  jaw  (Streptothrix 
actinomyces)  cannot  cause  infection  unless  the  tissues  of  the  digestive 
tract  (usually  the  mouth)  are  first  penetrated  by  some  such  agency 
as  thorns,  spines  or  grass  awns  (fig.  2)  contained  in  the  food.  The 
sharp  or  pointed  parts  of  the  plants  actually  inoculate  the  parasite  into 
the  animal  tissues,9  most  frequently  in  the  tongue  and  other  mouth 
parts.  It  Iras  been  observed  that  lumpy- jaw  seems  to  be  more  prevalent 
among  cattle  that  have  grazed  during  autumn  in  fields  where  there  is  an 
abundance  of  squirrel-tail  grass,  than  among  animals  which  have  grazed 
upon  land  free  from  this  plant.  The  spread  of  the  disease  in  such  fields  is 
probably  due  to  the  inoculating  effect  of  the  awns.  Thorns  and  sharp 
pointed  plant  parts  generally,  as  rose  thorns,  are  thought  to  cause  in- 
flamed sores  by  inoculating  bacteria  into  the  wounds  they  produce. 

A  considerable  source  of  loss  is  due  to  the  tearing  out  of  wool  and 
mohair  by  briers,  bushes,  etc.,  equipped  with  thorns  or  spiny  branches. 
In  the  west,  sage  brush  {Artemisia  spp.)  tears  out  the  wool  to  such  an 
extent  that  special  breeds  of  sheep  are  used  in  some  sections  to  avoid 
the  plucking  effect  of  the  vegetation.  Other  western  plants  which  are 
especially  damaging  due  to  tearing  are  buck  brush  (Ceanothus  san- 
guinea) ,  sticky  laurel  (C.  velutinus) ,  cactus  and  yucca.  In  the  east 
blackberry  brambles  cause  considerable  trouble  of  this  character. 

A  striking  example  of  the  tearing  effect  of  vegetation  was  ob- 
served in  Alpena  County,  Michigan.  A  band  of  about  1,000  western 
sheep  was  driven  through  a  burnt-over  area  upon  which  a  growth  of 
brambles  had  appeared.  So  damaging  was  the  tearing  process  that  a 
strip  about  a  quarter  of  a  mile  long  was  white  with  wool,  having  some- 
what the  appearance  of  bushes  after  a  heavy  snow  storm.  Several 
hundreds  of  pounds  of  wool  were  lost  in  this  manner  although  a  large 

11  Actinomycosis  or   Lumpy  Jaw.      U.    S.  D.   A..   Bur.   An.  Ind.,   Cir.  96,   p.   5. 
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amount  of  it  was  salvaged  by  children  who  later  gathered  the  wool 
from  the  brambles.  Western  burnt-over  brush  land  is  noted  for  the 
losses  incurred  by  the  tearing  action  of  the  vegetation  on  the  fleece  of 
sheep. 

The  tearing  of  clothes  by  spines  and  thorns  is  an  incidental  but  not 
unusual  form  of  damage.  Unless  special  clothes  are  provided,  a  walk  in 
the  woods  or  through  the  fields  always  exposes  the  clothes  to  consider- 
able risk  of  tearing. 
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Fig.  7.  Center. — Mature  plant  of  Russian  thistle  (Salsola  pestifer) ,  showing  spiny 
nature.  A  piece  of  a  branch  of  the  plant  is  pictured  in  the  upper  left  corner.  The 
spines  do  not  develop  until  the  plant  matures.  They  are  particularly  injurious  to  the 
mouth  parts  of  grazing  animals. 

Right. — Branch  of  a  mature  plant  of  motherwort  (Leonurus  cardiaca)  ,  showing  the 
sharp  spines  of  the  calyxes.  The  spiny  calyxes  injure  the  nose  and  mouth  parts  of 
grazing   animals. 

Among  the  most  important  species,  in  addition  to  the  ones  already 
discussed,  that  cause  damage  by  means  of  spines  and  thorns  are  honey 
locust,  (Gleditsia  triacanthos) ,  devil's  club,  (E  chinopanax  horridum) , 
greasewood  (Sarcobatus  vermicular  is) ,  various  species  of  cactus,  (fig. 
4),  wild  roses,  (Rosa  spp.),  spiny  cocklebur,  (Xanthium  spinosum,  fig. 
6),  motherwort,  (Leonurus  cardiaca,  fig.  7),  and  Russian  thistle  (Sal- 
sola  pestifer,  fig.  7.) 

Mechanical  Injuries  Caused  by  Plant  Hairs 

A  single  plant  hair  appears  to  be  rather  harmless,  but  nevertheless 
plant  hairs  may,  in  some  cases,  cause  death  to  livestock  and  much  pain 
and  irritation  to  both  animals  and  man. 

From  the  viewpoint  of  mechanical  injuries  inflicted,  plant  hairs 
may  be  divided  into  three  groups  as  follows: 
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1.  Stinging  or  Urticating  Hairs. — There  are  a  number  of  plants 
equipped  with  stinging  (urticating)  hairs,  principal  among  which  are 
common  nettle,  (Urtica  dioica  and  U.  gracilis),  and  wood  nettle,  (La- 
portea  canadensis),  in  the  northern  part  of  the  United  States  and 
spurge  nettle  or  tread-softly,  (Jatropha  stimulosa) ,  in  the  South.  Al- 
though the  fluid  that  causes  the  sting  is  chemical  in  action,  being  a 
combination  of  formic  acid  with  other  substances,  the  manner  of  in- 
jection into  the  flesh  is  entirely  mechanical. 

Each  stinging  hair  of  the  common  nettle  acts  like  a  miniature 
hypodermic   needle    (fig.   8).      The  upper  part  of  the  hair  is   silicified, 


/LINE  OF  BRF.AK 


,SILICIFIED(HARDENE.D) 
PART  OF  HAIR 
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PART  OF  HAIR 


BA«3L 


RRITATING       FLUID 


Fig.  8.  Diagram  of  the  mechanism  of  a  stinging  hair  of  nettle.  Pressure,  such  as 
may  be  due  to  touch,  causes  the  spherical  tip  to  break  off  in  such  a  manner  that  the 
sharp  point  penetrates  the  flesh.  At  the  same  time  the  silicified,  hardened  portion  of 
the  hair  is  forced  into  the  soft,  bulbous  base,  thereby  causing  a  hypodermic  injection  of 
the   irritating   fluid   contained   in   the   hair. 


hence  hard  and  brittle,  while  the  swollen  base  is  soft  and  yielding. 
The  tip  is  a  tiny  sphere  and  the  point  of  attachment  is  thinned  in  such 
a  manner  that  the  head  is  readily  broken  off,  leaving  a  slanting,  ex- 
tremely sharp,  penetrating  point.  The  interior  of  the  hair  is  hollow 
and  filled  with  the  stinging  fluid.  When  the  skin  comes  in  contact  with 
the  hair  the  pressure  breaks  off  the  spherical  tip,  the  slanting  point 
readily  penetrates  the  flesh  and  the  hard  portion  of  the  hair,  on  being 
pressed  into  the  soft  base,  causes  a  hypodermic  injection  of  the  irritat- 
ing fluid.  Nettles  may  safely  be  stroked  in  a  direction  parallel  to  the 
leaf  and  toward  the  leaf  tip,  since  by  so  doing  the  hairs  are  pushed  flat 
upon  the  leaf  surface  and  can  do  no  harm. 
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The  irritation  and  pain  caused  by  stinging  hairs  is  considerable 
both  to  man  and  animals.  It  is  alleged  that  one  species,  Urtica  holo- 
sericea,  has  been  known  to  kill  horses  in  California. 

2.  Hairballs  or  Phytobezoars. — The  formation  of  bezoars  in  the 
stomachs  of  horses,  mules,  sheep,  goats  and  cattle  is  a  subject  about 
which  there  is  not  sufficient  popular  information,  although  the  phenome- 
non is  familiar  to  most  veterinarians. 

It  seems  that  bezoars  are  formed  in  the  stomach  as  a  result  of  eat- 
ing plants  equipped  with  fine  hairs  or  spines,  although  concretions  of 
various  shapes  may  form  as  a  result  of  over-indulgence  in  certain  kinds 
of   fibrous    fodder.      Hairballs    may   also    result   from    the    accumulation 


Fig.  9.  Left. — Rabbit  foot  or  field  clover  {Trifolium  arvense) .  The  fuzzy  heads 
are  capable  of  forming  hair-balls  in  the  stomachs  of  grazing  animals.  Horses  seem 
paiticularly   susceptible   to    injury   from   this   species. 

Right. — Calyxes  of  crimson  clover  (Trifolium  incarnatum) .  The  numerous  hairs 
cause  the  formation  of  hair-balls  in  the  stomachs  of  animals  that  graze  on  mature 
plants.      Enlarged. 

of  hairs  in  the  stomachs  of  animals  that  constantly  lick  themselves. 
The  list  of  plants  reported  to  have  been  responsible  for  the  formation 
of  bezoars  in  the  stomach  includes  crimson  clover,  (Trifolium.  incar- 
natum, fig.  9),  pasque  flower,  {Anemone  patens,  fig.  10),  field  clover 
or  rabbit-foot  clover,  (Trifolium  arvense,  fig.  9),  various  species  of 
cacti,  (Opuntia  spp.),  mentzelia,  (Mentzelia  spp.),  cocklebur, 
(Xanthium  spp.),  millet,  oats,  barley  and  ripe  rye. 

When  the  plant  parts  are  equipped  with  barbs,  as  in  the  case  of  the 
hairs  of  the  calyxes  of  crimson  clover  (fig.  9)  the  bristles  of  cacti  and 
the  awns  of  millet,  oats,  rye  and  barley,  there  is  greater  likelihood  of  the 
formation  of  bezoars.  The  barbed  structures  accumulate  in  the  stomach, 
the  barbs  holding  the  parts  together  in  a  mass.  A  microscopical  exam- 
ination of  crimson  clover  bezoars  revealed  that  the  hairs  were  all  ar- 
ranged in  such  a  manner  that  the  barbs  pointed  from  the  center  outward. 
In  one  case,  on  the  St.  Mary's  Academy  Farm,  Notre  Dame,  South  Bend, 
Indiana,  the  seeds  of  crimson  clover  were  accidentally  included  in  a  pas- 
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ture  mixture.  The  hay  was  fed  and  four  cows  died.  The  animals  were 
posted  by  Dr.  Ira  V.  Carpenter  of  South  Bend  and  numerous  crimson 
clover  hairballs  were  found  in  the  stomachs  and  intestines.  The  plant  was 
identified  by  the  writer. 

A  unique  method  of  bezoar  formation  may  be  caused  by  the  ray- 
less  goldenrod  (Bigelovia  heterophylla) .  The  species  grows  vigorously 
during  early  spring  and  when  other  food  is  scarce  cattle  graze  on  the 
plant  rather  heavily.  The  leaves  of  the  rayless  goldenrod  are  exceedingly 
resinous  and  they  occasionally  form  indigestible  bezoars  in  the  stomachs 
of  animals,  the  resin  evidently  acting  as  the  medium  of  cohesion.  Death 
to  cattle  due  to  this  cause  has  been  noted  in  Arizona.  It  is  possible, 
however,  that  the  trouble  may  be  poisonous  in  nature.1" 

A  case  of  death  to  a  pony  due  to  the  accumulation  of  rye  bezoars  in 
the  stomach  was  noted  in  southern  Indiana.  The  rye  was  fed  in  a  dry, 
over-ripe  condition. 

Phytobezoars  may  reach  extraordinary  dimensions.  Trelease11  re- 
ports one  3V2  inches  in  diameter  that  weighed  IV2  ounces,  which  was 
the  average  size  of  16  removed  from  the  stomach  of  a  bull.     He  men- 


Fig.  10.  Hair-balls  taken  from  the  stomach  of  sheep  and  shown  natural  size.  The 
plant  responsible  for  the  formation  of  these  hair-balls  was  the  pasque  flower  (Anemone 
patens).  A  section  of  a  hair-ball  is  shown  to  the  right.  (Photograph  by  Dr.  William 
Trelease.) 


tions  another  that  measured  25  V2  inches  in  circumference  and  weighed 
4  pounds  11  ounces  .  Coville1"'  reports  that  30  bezoars  were  said  to  have 
been  removed  from  the  stomach  of  a  single  horse. 

Hair  balls  recently  removed  are  usually  almost  perfect  spheres  of  a 
brownish  yellow  color.  When  dried  (fig.  10),  they  take  on  the  appear- 
ance of  brown  felt;  they  are  smooth,  even  of  texture,  very  durable  and 
surprisingly  light  in  weight. 

Hair  balls  are  said  frequently  to  enter  the  intestines,  clogging 
the  alimentary  tract  and  theieby  causing  a  particularly  painful  form 
of  death  from  peritonitis.  Some  veterinarians  are  of  the  opinion  that 
death  from  this  cause  is  unusual  and  that  the  hair-balls  may  remain  in 
the  stomach  indefinitely  with  little  harm  to  the  animal.     On  the  other 

10  Thirty-first  Annual    Report,   Arizona   Agr.    Exp.   Sta.,    p.   459. 

11  An   Unusual   Phyto-bezoar.     Trans.   St.   Louis  Acad.   Sci.,   Vol.   VII,   No.   18. 

12  Crimson   Clover  Hair  Balls.     U.   S.   D.   A.,   Div.   Bot.,   Cir.   No.   8. 
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hand  a  veterinarian  in  Delaware,  where  considerable  trouble  has  been 
experienced  in  the  past,  states  his  belief  that  only  one  case  out  of 
about  a  hundred  infested  animals  recover. 

A  somewhat  different  type  of  ball  formation  was  described  to  the 
writer  by  Dr.  R.  A.  Craig  of  the  Purdue  University  Agricultural  Ex- 
periment Station  as  follows:  "When  horses  are  allowed  to  eat  bar- 
ley, the  awns  sometimes  coalesce  into  spheres  under  the  tongue.  The 
animals  are  unable  to  dislodge  these  spheres  and  the  assistance  of  a 
veterinarian  is  usually  needed.  The  barley  awns  may  also  penetrate 
the  tissues  of  the  tongue." 

3.  Irritation  Due  to  Simple  Plant  Hairs. — There  are  a  number  of 
plants,  as  for  instance  the  common  cocklebur,  that  do  not  possess  sting- 
ing hairs  but  nevertheless  are  equipped  with  hairs  that  cause  severe 
itching. 

The  woolly  covering  of  the  leaves  of  mullein  (Verbascum  thapsus) , 
is  made  up  of  thousands  of  fine,  branched  hairs  which  adhere  readily  to 
the    mucous    membrane    of    the    mouth    and    to    the    human    skin    where 


Fig-.  11.  Left.  Pollen  of  sneezeweed  or  bitterweed  (Helenium  tenuifolium) ,  showing- 
prominent  spicules.  Pollen  of  this  type  may  cause  mechanical  irritation  of  the  nasal 
mucosa.     Victims  of  hay-fever  are  especially   susceptible  to   such   injury.     Magnified. 

Middle.  Enlarged  view  of  stem  of  blueweed,  or  bugloss  (Echiuni  vulgare) .  Note  the 
prickles,  which  cause  severe  irritation  of  the  nose  and  mouth  parts  of  grazing  animals. 
A  single  prickle  is  illustrated  in  the  center. 

Right.     Tip   of  stinging  hair  of  velvet  bean    (Stizolobium  deeringianum) .      Magnified. 


they  may  cause  severe  itching.  This  form  of  irritation  is  familiar  to 
persons  who  have  been  unfortunate  enough  to  drink  mullein  tea  not 
thoroughly  strained. 

The  fruit  and  stem  of  the  hop  plant  (Humulus  lupulus)  possess 
hairs  that  cause  "hop-rash",  a  disease  occasionally  so  troublesome  that 
hop-pickers  are  compelled  to  wear  gloves  for  protection. 

In  addition  to  spines,  certain  cacti  known  as-  prickly  pears  form 
numerous   barbed  hairs   or   bristles   around   the   buds.     The   barbs   all 


:4<; 


Proceedings  of  Indiana  Academy  of  Science 


point  obliquely,  so  when  the  bristles  enter  the  soft  flesh  of  the  nose, 
mouth  or  anus  they  can  travel  inward  only,  causing  festering  sores. 
This  type  of  injury  is  not  limited  to  animals  since  human  beings  are 
frequent  sufferers. 

The  hairs  or  young  leaves  of  plane  trees  (Platanus  spp.),  are 
sometimes  found  in  the  atmosphere  in  large  numbers  during  the  spring 
of  the  year,  and  they  may  cause  a  great  deal  of  coughing  and  other 
forms  of  distress  to  persons  inhaling  them. 

Among  other  plants  that  are  injurious  to  persons  with  sensitive 
skins  are  primrose  (Primula  obconica) ,  wild  parsnip,  (Pastinaca  sativa) , 
yellow  lady's  slipper,  (Cypripedium  Mr  stum) ,  viper's  bugloss  or  blue- 
weed,  (Echium  vulgare,  fig.  11),  borage,  (Borago  officinalis),  the  pods 
of  the  velvet  bean,  (Stizolobimn  deeringianum,  fig.  11),  and  the  leaves 
of  various  species  of  oaks.  In  general,  the  skin  seems  most  susceptible 
to  injury  from  irritating  hairs  when  it  is  moist  from  perspiration,  al- 
though the  degree  of  susceptibility  varies  with  the  individual. 


m  «  <•  **      ml 

Fig.  12.  Left.  Sharp-pointed  rootstock  of  southern  nut  grass  (Cyperus  rotundus) 
that  has  penetrated  a  potato.      Specimen  collected  at  Tarboro,   N.   C. 

Right.  Fruiting  heads  of  the  common  wood  rush  (Juncoidcs  campcstris) .  The  tiny, 
hard  seeds  are  apt  to  clog  the  intestines  of  animals  feeding  upon  this  plant.  An  en- 
larged view  of  the  seeds  is  shown  in  the  lower  left  corner. 


MECHANICAL   INJURIES    CAUSED   BY   IMPACTION 

The  alimentary  tract  may  sometimes  be  clogged  with  seeds  or 
other  parts  of  plants.  An  interesting  case  of  this  type  was  noted  in 
Pennsylvania.  A  number  of  cattle  and  horses  browsing  upon  a  per- 
manent pasture  became  ill  and  many  of  them  died,  seemingly  fiom  the 
effects  of  eating  poisonous  plants.  A  botanist  was  consulted,  but  no 
poisonous  plants  could  be  found  in  the  pasture.  The  autopsy,  however, 
shewed  a  large  accumulation  of  small,  shiny,  triangular,  black  "seeds" 
in  the  stomachs  and  intestines  of  the  dead  animals,  and  the  "seeds"  were 
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identified  as  the  fruits  of  the  common  wood  rush  (Juncoides  campestris, 
fig.  12)  which  made  up  about  one-third  of  the  herbage  of  the  pasture 
upon  which  the  animals  had  been  feeding.  The  verdict  of  the  veteri- 
narian was  that  death  was  due  to  eating  the  stalks  and  indigestible  fruits 
of  the  wood  rush,  which  so  clogged  the  alimentary  tract  that  food  could 
not  pass  through. 

Other  plants  which  are  said  to  be  dangerous  due  to  the  formation 
cf  impaction  are  horsetail  or  scouring  rush,  (Equisetum  arvense) ,  Colo- 
rado rubber  plant,  (Hymenoxys  floribunda) ,  the  seeds  of  mesquite, 
(Prosopis  chilensU) ,  and  corn  stalks  and  rye  straw  eaten  without  suf- 
ficient drinking  water. 

mechanical  injuries  caused  by  pollen 

The  mechanical  effect  of  various  pollens  upon  the  nasal  mucosa  of 
many  human  beings  may  result  in  extremely  unpleasant  irritation  and 
sickness.  Experimental  evidence  suggests  that  hay  fever  is  due  in  part 
to  the  mechanical  action  of  the  pollen  grains.  Many  hay  fever  suf- 
ferers sneeze  and  in  other  ways  exhibit  signs  of  their  affliction  the 
moment  they  enter  a  room  containing  irritating  pollen.  On  account  of 
the  immediate  effect  it  is  a  reasonable  assumption  that  the  initial  cause 
may  be  mechanical  in  action. 

Pollen  grains  that  cause  irritation  possess  coats  equipped  with  tiny 
spines  or  spicules,  (fig.  11)  ;  where  spicules  are  large,  as  in  the  case  of 
sneeze-weed  pollen,  (Helenium  quadridentata) ,  the  mechanical  effect  is 
irritating  even  to  persons  not  susceptible  to  hay  fever.13 

Among  plants  which  are  wind  pollinated  and  which  possess  mechani- 
cally-injurious pollen  coats  are  common  ragweed,  (Ambrosisa  artemisii- 
folia),  western  ragweed,  (A,  psilostachya) ,  kinghead,  (A.  trifida) ,  worm- 
wood, (Artemisia  biennis),  horsetail  or  fieabane,  (Erigeron  canadensis), 
thoroughwort,  (Eupatorium  serotinum) ,  false  ragweed,  (Franseria  acan- 
thicarpa) ,  sandbur,  (F.  dumosa) ,  sunflower,  (Helianthus  annuus) ,  pov- 
erty weed,  (Iva  xanthifolia) ,  false  wormwood,  (Parthenium  hysterophor- 
us) ,  and  cocklebur,    (Xanthimn  pennsylvanicnm) . 

mechanical  injuries  caused  by  burs 

There  are  a  large  number  of  plants  equipped  with  spiny  burs  which 
injure  mechanically  in  the  following  ways. 

1.  Bur  Injury  to  Wool  and  Mohair. — The  greatest  loss  due  to  burs 
is  to  wool  and  mohair.  The  presence  of  burs  and  other  vegetable  matter 
in  wool  (fig.  13)  and  mohair  results  in  heavy  dockage  and  causes  dif- 
ficulty in  shearing.  In  at  least  one  section  of  the  country  it  was  found 
necessary  to  wear  buckskin  suits  when  handling  sheep  infested  with  the 
burs  of  the  common  sand  bur.  Buiry  wool  is  sometimes  docked  as  much 
as  40  per  cent.  The  damage  to  mohair  is  not  so  great  as  the  damage 
to  wool,  because  mohair  is  not  as  readily  infested.     Furthermore,  the 

,  13. Hay-fever   and    Hay-fever    Pollens.      Scheppergrell.      Archives   of    Internal    Medicine, 
June/ 1917.     Vol.   19,   pp.   959-980. 
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amount  of  mohair  raised  in  the  United  States  is  small  compared  with  the 
quantity  of  wool  produced.  The  trade  name  for  wool  containing  vegetable 
matter  is  shivy  wool.  The  principal  plants  which  offend  in  this  respect 
are  those  equipped  with  burs  such  as  burdock    (Arctium  spp.  fig.   13), 


Fig.  13.  Upper  left. — Burs  of  common  burdock  (Arctium  minor).  Burs  of  this 
type  are   very   injurious   to    wool,   mohair   and   the   manes   and  tails   of   horses. 

Lower  left. — Fruits  (seeds)  of  wild  carrot  (Daucux  carota)  .  Note  the  spines  by 
which   they  become  attached  to  the  coats  of  animals.      (x2.) 

Upper  right. — Burry  wool  infested  with  cockleburs.  The  burs  lodged  next  to  the 
skin  of  the  animal. 

Lower  right. — Burs  of  sandbur  {Cenchrus  pmiciflorus) .  They  injure  wool  and  tear 
the  flesh  of  grazing  animals.     The  burs  occasionally  cause  foot  lesions.     Natural  size. 


cocklebur,  (Xanthium  spp.  fig.  6),  sand  bur,  (Solanum  rostratum) ,  and 
hound's  tongue  (Cynoglossum  officinale,  fig.  6).14  The  common  name  of 
buffalo  bur  owes  its  origin  to  the  fact  that  the  burs  formerly  caused 
matted  areas  in  the  coats  of  the  American  buffalo. 

The  presence  of  vegetable  matter  in  wool  is  particularly  objection- 
able because  it  refuses  to  take  the  color  of  dyes  as  does  the  wool. 

11  The   total    number    of    burs    or    stick-seed   bearing    plants    described    in    Britton    and 
Brown's   Illustrated   Flora   is   97   species,   representing  34   genera. 
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Other  vegetable  matter  contained  in  wool  and  mohair  is  clue  to  the 
presence  of  the  awns  of  various  grasses  such  as  squirrel-tail  grass,  the 
barbed  fruits  of  plants  such  as  Spanish  needles,  (Bidens  spp.,  fig.  4),  and 
the  seeds  of  wild  carrot,   (Daucus  carota,  fig.  13). 

2.  Foot  Injuries  Due  to  Burs. — The  burs  of  sand  bur  (fig.  19), 
ground  burnut,  (Tribulus  terrestris) ,  and  other  plants  occasionally  com- 
pact around  the  hoofs  of  sheep,  horses,  and  other  animals.  The  burs  are 
readily  driven  into  the  flesh  by  the  walking  of  the  victims,  causing  in- 
flammation, lameness,  and  a  general  unthrifty  condition,  due  to  the  dif- 
ficulty infected  animals  experience  in  seeking  food.  It  is  notable  that 
foot  injuries  from  burs  continue  late  into  the  fall,  since  the  fallen  burs 
remain  on  the  ground  for  a  long  period. 

3.  Bur  Injury  to  the  Nose  and  Digestive  Tract. — A  plant  that  is 
very  injurious  to  the  nose  and  mouth  parts  of  grazing  animals  is  the 
buffalo  bur,  (Solarium  ro stratum) .  In  some  sections  in  which  this  species 
is  abundant,  a  number  of  pastures  replete  with  good  grazing  grasses 
have  been  abandoned  as  pasture  land  because  of  the  prevalence  of  the 
weed.  Animals  grazing  on  such  land  frequently  emerge  from  the  pasture 
with  their  faces  dripping  blood,  due  to  the  tearing  effect  of  the  spiny 
burs  and  stems  of  the  weed. 

The  sharp  spines  contained  on  the  burs  of  sand  bur  (fig.  13)  are 
sometimes  responsible  for  the  formation  of  ulcers  in  the  mouths  of  graz- 
ing animals. 

Occasionally  burs  lodge  in  the  throat,  sometimes  forming  such  com- 
pact masses  as  to  prevent  the  passage  of  food.  Unless  the  masses  are 
removed,  the  effects  are  necessarily  fatal.  The  burs  of  cocklebur  are 
noteworthy  in  this  connection.  Attempts  to  swallow  sand  burs  occasion- 
ally result  in  tearing  of  the  throat  tissues  and  the  formation  of  ulcers. 

The  burs  of  the  cocklebur  sometimes  enter  the  stomach,  especially  of 
hogs,  where  they  may  cause  irritation  of  the  stomach  walls,  resulting  in 
inflammation  and  sometimes  death.  Occasionally  they  enter  the  intes- 
tines, clogging  the  intestinal  tract,  oftentimes  with  fatal  results. 

4.  Burs  are  Unsightly. — The  presence  of  burs  in  the  manes,  tails 
and  coats  of  horses  and  other  animals  is  very  unsightly  and  may  be  re- 
garded as  an  esthetic  loss. 

5.  Bur  Injury  to  Automobile  and  Bicycle  Tires.-— A  novel  form  of 
bur  injury,  and  one  which  is  reported  to  cause  considerable  damage,  is 
the  puncturing  of  automobile  and  bicycle  tires  by  means  of  the  burs  of 
the  ground  burnut,  (Tribulus  terrestris),  a  European  weed  called  punc- 
ture vine  in  California.  In  Kern  County,  California,  it  is  estimated  that 
"50  per  cent  of  all  the  punctures  in  bicycle  tires  and  a  large  proportion 
of  punctures  and  slow  leaks  in  automobile  tires  are  due  to  this  bur."1"' 
The  weed  is  said  to  be  spreading  to  all  parts  of  the  state.  Since  this  and 
similar  species  are  distributed  over  a  large  area  of  the  United  States  it  is 
possible  that  injuries  of  this  character  will  be  reported  from  other  sec- 
tions. 


'  Weekly   News    Letter,    Calif.    Dept.   Agr.      Aug.    28,    1920. 
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MINOR  MECHANICAL  INJURIES  DUE  TO  MISCELLANEOUS  CAUSES 

There  are  a  number  of  plant-mechanical  injuries  due  to  miscel- 
laneous causes  that  are  minor  in  consequence.  These  injuries  are  con- 
sidered here  not  only  because  they  are  of  general  interest  but  to  illus- 
trate the  number  of  different  ways  in  which  plants  may  cause  mechani- 
cal injuries. 

1.  Cutting  Edges  of  Plants, — A  large  number  of  plants,  principal 
among  which  are  the  grasses  and  sedges,  as  for  example  the  common  saw 
grass,  (Cladium  Jamacensis)  of  the  Florida  everglades,  have  leaves  pos- 
sessing tiny  projections  (fig.  14)  very  much  resembling  the  teeth  of  a 
saw.  These  projections  are  sharp-pointed  and  heavily  cutinized  and  are 
capable  of  cutting  deep  gashes  into  the  flesh.  Eyes  are  commonly  in- 
jured by  this  means.  The  leaves  of  corn  sometimes  cut  the  faces  and 
hands  of  farmers.  The  leaves  of  the  screw  pine,  (Pandanus  spp.)  illus- 
trate well  the   character  of  cutting  edges.     Injuries  of  this  type,  par- 


Fig'.  14.  Saw  edge  of  Cuinea  grass,  a  weed  causing  injury  to  the  flesh  and  eyes 
ef  cattle  in  Porto  Rico.  A  large  number  of  plants  are  equipped  with  similar  cutting- 
edges.      Magnified   75    diameters. 


ticularly  when  the  eyes  are  affected,  are  oftentimes  followed  by  inflam- 
mation and  extreme  soreness.  Cut  grass,  (Homalocenchrus  spp.),  com- 
mon along  the  banks  of  streams,  causes  severe  cutting  injuries  to  the 
hands  when  grasped  by  persons  in  passing  canoes  and  boats. 

In  this  connection  the  recent  spread  of  the  Japanese  plume  grass, 
(Miscanthus  sinensis),  is  noteworthy.  The  leaves  of  the  plant  have  sharp- 
cutting  edges  capable  of  inflicting  severe  injuries.  The  species  is  a  native 
of  the  Orient  that  was  introduced  into  the  United  States  as  an  ornamen- 
tal. It  is  said  that  in  China  stock  reject  the  plant  but  sheep  sometimes 
eat  it  with  fatal  results. 

Some  species  of  wild  plants,  as  for  instance  species  of  bedstraw, 
(Galium,  spp.),  have  stems  with  saw-edge  corners  that  frequently  cut  the 
flesh. 

2.  Tripping. — Brambles,  briers  and  grasses  sometimes  grow  in 
such  a  manner  as  occasionally  to  trip  animals,  causing  broken  limbs  and 
other  injuries.  Bermuda  grass  and  dewberry  vines  in  the  south,  and 
blackberry  vines  in  the  north,  are  noteworthy  in  this  respect. 

3.  Entangling. — An  odd  form  of  mechanical  injury  is  illustrated  by 
the  experience  of  Radcliffe  Hordern,  of  Warrenton,  Virginia.  While 
walking  through  the  woods  he  was  attracted  by  the  bleating  of  a  sheep. 
Investigation  revealed  that  the  animal  had  become  enmeshed  in  a  growth 
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of  saw  brier,  (Smilax  glauca) ,  and  its  efforts  to  disentangle  itself  so  ex- 
hausted the  animal  that  it  died  soon  afteiward.  A  short  time  previously 
a  horse  on  the  same  farm  was  extricated  from  a  similar  situation  just  in 
time  to  save  its  life.  In  regions  in  which  the  vegetation  consists  largely 
of  brambles,  briers,  and  similar  plants,  there  seems  to  be  possibilities  for 
considerable  damage  of  this  character. 

Of  a  somewhat  similar  nature  is  the  mechanical  injury  caused  by  the 
molasses  plant,  (Cuphea  petiolata) .  The  stems  of  this  species  are  cov- 
ered with  a  sticky  substance  that  is  capable  of  catching  and  holding 
young  chickens  unfortunate  enough  to  rub  against  it.  Three  cases  of  this 
character  were  noted  within  a  ten-day  period  near  Brookland,  D.  C. 

4.  Irritation  Due  to  Crystals. — A  number  of  plants  produce  a  sen- 
sation of  severe  burning  in  the  mouth  and  throat  if  eaten  raw.  The  ir- 
ritation in  some  cases  is  due  to  bundles  of  needle-shaped  crystals  of  cal- 
cium oxalate   (raphides)   contained  in  the  cells  of  the  plant. 

The  tissues  of  the  taro,  (Caladium  colocasia) ,  one  of  the  principal 
foods  crops  of  Guam,  contain  needle-like  crystals  that  are  held  in  cap- 
sules which  discharge  their  contents  with  considerable  velocity  as  soon 
as  moisture  is  absorbed,  as  is  done  in  chewing.  When  the  taro  is  eaten 
after  being  insufficiently  cooked,  the  resulting  irritation  in  the  mouth 
and  throat  is  very  painful,  a  complaint  said  to  be  common  in  Guam.  A 
closely  related  plant  to  the  taro  is  Alocasia  indica,  which  is  similarly 
equipped  with  needle-like  crystals.  The  plant  is  so  acrid,  according  to 
Dr.  H.  W.  Wiley,11  that  the  Pacific  Islanders  resort  to  its  use  only  in 
cases  of  great  scarcity  of  food. 

5.  Rootstock  Injury. — There  are  a  number  of  plants  equipped  with 
strong-growing  rootstocks  that  cause  injury  to  crops  such  as  potatoes, 
beets  and  carrots.  The  rootstocks  are  frequently  equipped  with  growing 
tips  that  are  almost  as  sharp  as  needles,  as  for  instance  in  the  southern 
nut  grass  (Cyperus  rotundas,  fig.  12).  The  tips  readily  penetrate  po- 
tatoes and  other  fleshy  underground  plant  parts  and  cause  them  to  be 
unmarketable.  The  injury  seems  to  be  entirely  mechanical  since  there  is 
no  union  of  tissues  involved,  although  occasionally  tiny  suckers  are 
formed  by  the  invading  rootstock.  The  injured  portion  of  penetrated 
potatoes  turns  black  and  such  tubers  have  little  market  value.  Beets  are 
likewise  injured,  while  carrots,  though  usually  not  penetrated,  are  some- 
times malformed  in  such  a  manner  as  to  lower  their  market  value. 

On  a  farm  at  Beverly,  Massachusetts,  the  total  yield  of  market-size 
potatoes  in  1916  was  140  bushels  per  acre.  Due  to  injury  by  the  root- 
stocks  of  quack  grass  (Agropyron  re  pens)  about  20  bushels  per  acre 
(approximately  14  per  cent  of  the  total  yield)  were  almost  worthless  and 
were  sold  as  culls.  In  another  field  in  Franklin  County,  New  York, 
about  20  per  cent  of  the  potato  crop  was  practically  ruined  by  the  root- 
stocks  of  quack  grass. 

15  Quoted  by  Stafford  in  "Ureful  Plants  of  Guam,"  contributions  from  the  National 
Herbarium,    Vol.    9,    p.    71. 
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injuries  of  doubtful  plant — mechanical  origin 

There  are  a  number  of  examples  of  plant  injuries  that  may  or  may 
not  be  mechanical  in  nature.  A  case  of  this  character  is  reported  by 
Maiden17  in  which  the  development  of  a  skin  rash  was  possibly  due  to 
numerous  particles  of  eucalyptus  bark. 

In  the  delta  section  of  the  San  Joaquin  and  Sacramento  Valleys  of 
California  there  occurs  a  growth  known  as  tule,  composed  principally  of 
Scirpus  lacustris  var.  occidentalis.  During  the  dry  season  if  one  walks 
upon  tule  land  clouds  of  dust,  largely  made  up  of  particles  of  plants, 
are  frequently  produced  and  severe  itching  of  the  skin  usually  results. 
This  itching  is  thought  to  be  purely  mechanical  in  nature.  Similar  itch- 
ing results  after  walking  on  newly-drained  saw-grass  land  in  the  Florida 
everglades. 

The  true  cause  of  injuries  of  this  nature  is  not  definitely  known. 
A  number  of  theories  can  be  advanced  to  account  for  the  trouble.  It  is 
possible  that  the  injuries  may  be  chemical  in  nature  or  caused  by  bac- 
teria. Again,  it  is  well  known  that  certain  caterpillars,  of  which  the 
caterpillar  stage  of  the  brown  tail  moth  (Euproctis  chrysorrhea)  is  an 
example,  cause  severe  nettling.  The  harmful  effects  are  produced  not 
alone  by  direct  contact  with  the  insect,  but  also  on  contact  with  objects 
over  which  the  caterpillars  have  crawled  and  left  their  hairs.  This  is 
cited  merely  as  an  example  of  the  manner  in  which  injuries  apparently 
due  to  the  mechanical  action  of  plant  parts  may  have  their  origin  in  an 
entirely  different  manner. 

REMEDIAL    AND    PRECAUTIONARY    MEASURES 

Most  of  the  grasses  responsible  for  mechanical  injuries  furnish 
excellent  hay  or  forage  if  utilized  previous  to  the  formation  of  seed. 
For  instance,  Heterojwgon  contortus  is  a  valuable  forage  plant  in  Hawaii 
and  Queensland  when  grazed  early.  The  same  is  true  of  alfilaria  in  our 
western  states,  a  plant  that  is  said  to  give  an  excellent  flavor  to  dairy 
products.  The  chemical  analysis  of  Hordeum  jubatum  indicates  that 
the  feeding  value  of  the  young  plants  compares  favorably  with  timothy 
and  bluegrass.  Stipu  sctacea,  when  young,  is  said  to  provide  nutritious 
and  palatable  feed  that  is  relished  by  stock.  Some  of  the  species  of 
beggar's  tick  likewise  provide  excellent  forage  when  young. 

Heavy  grazing  when  such  grasses  as  brome  grass,  three-awned 
grass  and  porcupine  grass  are  immature  is  therefore  the  best  treatment. 
In  the  case  of  the  porcupine  grasses,  it  may  be  best  to  cut  for  hay  after 
the  awns  have  fallen.  Occasionally  ranges  infested  with  Hordeum 
jubatum,  Heteropogon  contortus  and  similar  injurious  grasses  are  burnt 
over  when  the  seeds  begin  to  ripen,  but  the  practice  is  destructive  and 
is  to  be  recommended  only  in  cases  of  severe  infestation. 

The  building  up  of  the  soil  creates  favorable  conditions  for  the 
growth  of  desirable  grazing  plants,  which  tends  to  crowd  out  the  weeds. 
Bronco  grass  (Bromus  rub  ens) ,  for  instance,  will  usually  disappear  when 
the  soil  is  improved. 

"Agri.   Gaz.   New    South   Wales.   Mar.   2.   1916,   p.   212. 


Mechanical  Injuries  by  Plants  253 

The  early  shearing  of  lambs  is  of  distinct  advantage  in  reducing 
mechanical  injuries  to  a  minimum.  It  is  also  helpful  to  remove  the 
wool  from  the  region  of  the  eyes.  If  the  animals  are  badly  infested 
they  should  be  dipped  in  an  antiseptic  solution  immediately  after 
shearing. 

When  practicable,  grazing  animals  should  be  removed  from  infested 
pastures  as  soon  as  the  injurious  seeds  begin  to  ripen,  and  placed  on 
grazing  land  free  from  the  troublesome  plants.  Sections  of  the  range 
free  from  the  injurious  grasses  may  be  reserved  for  use  after  the 
injurious  seeds  have  ripened.  After  the  seeds  have  been  shed,  the  ani- 
mals may  be  returned  to  such  pastures  with  lessened  chances  of  injury. 
When  practicable,  mowing  the  injurious  growth  before  the  seeds  mature 
is  helpful.  If  it  is  impracticable  to  mow  the  entire  area,  the  spots  most 
heavily  infested  and  the  areas  most  frequented  by  grazing  animals 
should  be  cut.  Close  grazing  cannot  always  be  depended  upon  to  prevent 
the  formation  of  seed. 

When  spines,  grass  awns,  etc.,  have  penetrated  the  tongue,  gums 
and  eye,  the  animals  will  be  greatly  aided  if  the  plant  parts  are 
first  removed  by  means  of  a  pair  of  forceps,  and  the  infested  area 
treated  with  a  suitable  antiseptic.  A  formula  recommended  for  treating 
eye  injuries  of  sheep  is  iodoform,  one  part;  burnt  alum,  one  part;  boracic 
acid,  two  parts.18  A  small  quantity  of  the  powder  should  be  blown  into 
the  eyes  daily  by  means  of  a  small  quill  until  the  injuries  are  healed. 

Trees  and  shrubs  equipped  with  dangerous  spines  and  thorns,  as 
thorn-apple,  osage  orange,  {Madura  pomifera) ,  and  locust  should  be 
cut  down  or  grubbed  out  wherever  they  cause  trouble. 

Plants  such  as  rabbit-foot  clover  and  crimson  clover  that  are  known 
to  form  hair  balls  in  the  stomachs  of  animals  should  be  fed  before  they 
ripen.  The  hairs  of  crimson  clover,  which  frequently  form  hair  balls, 
are  dangerous  only  after  the  flowering  stage;  previous  to  this  time  the 
plant  may  be  fed  with  impunity.  A.  E.  Grantham,  formerly  agronomist 
of  the  Delaware  Agricultural  Experiment  Station,  states  that  "Our 
farmers  are  fully  aware  and  take  the  precaution  of  cutting  the  crimson 
clover  early  before  the  heads  have  reached  that  stage  when  they  have 
become  so  mature  as  to  produce  indigestible  material.  It  is  very  rare 
now  that  crimson  clover  hay  is  injurious,  since  the  farmers  have  learned 
to  cut  it  at  the  proper  stage  of  maturity." 

Cases  of  dermatitis  due  to  plant  hairs  and  prickles  should  be 
treated  with  carbonate  of  soda.  A  good  method  of  application  is  to 
gently  daub  a  wet  rag  containing  the  soda,  over  the  affected  area. 
Chalmers  recommends  treating  sadd  dermatitis,  (a  disease  due  to  the 
mechanical  irritation  of  the  hairs  of  Panicum  pyramidale) ,  by  first 
washing  and  drying  the  diseased  areas  and  then  applying  a  lotion  made 
of  menthol,  3  grams;  calomine,  4  grams;  spiritus  vini  rectificate,  200  c.c. 
made  up  to  250  c.c.  by  water.11'  It  is  possible  that  a  similar  lotion  may 
be  beneficial  in  other  obstinate  cases  of  dermatitis  due  to  the  mechanical 
irritation  of  plant  hairs. 

ls  Stewart.   Agri.   Gaz,   New   South   Wales,    1901,    p.    357. 
19  Journal  Tropical  Med.   and  Hygiene,   23:57-59.      1920. 
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In  the  case  of  the  spines  and  prickles  of  cacti  a  good  practice  is  to 
scorch  or  roast  the  plants  with  a  gasoline  torch  or  bonfire.  It  is  claimed 
by  some  cattlemen  that  if  the  cacti  are  severely  burnt  they  become 
laxative,  hence  burning  is  sometimes  objected  to  on  this  ground. 

An  excellent  treatment  for  severe  cases  of  inflammation  due  to 
stinging  nettles  is  to  rub  the  swollen  areas  with  macerated  stems  of 
common  jewel  weed,  (Impatiens  biflora).  Quick  relief  may  be  secured 
by  this  means.     This  method  has  been  tried  with  success  by  the  writer. 

When  rye  straw,  com  stalks  and  other  fodder  is  used  that  tends 
to  produce  impaction,  the  free  use  of  bran  in  the  feed  will  prove  very 
helpful  in  overcoming  the  trouble. 

The  problem  of  burs  and  other  vegetable  matter  contained  in  wool 
and  mohair  is  a  very  difficult  one  to  solve  since  the  vegetable  matter 
cannot  usually  be  combed  out,  Sometimes  hard  burs  such  as  cockleburs 
can  be  removed  during  the  manufacturing  process,  but  it  is  prac- 
tically impossible  to  remove  soft  burs  by  mechanical  means. 

Burs  that  cannot  be  separated  in  carding  may  sometimes  be  re- 
moved by  running  through  a  bur  picker.  When  burs  are  removed  by  a 
bur-picking  machine  a  shrinkage  results  that  may  range  from  five  to 
25  per  cent  or  more  of  the  weight  of  the  scoured  wool.  The  bur  guards 
on  the  card  also  help  in  the  removal  of  burs.  Shorter  wools  contain- 
ing a  large  number  of  burs,  or  burs  which  cannot  be  removed  me- 
chanically, are  subjected  to  a  process  termed  carbonizing.  The  burry 
wool  is  treated  with  sulphuric  acid  or  aluminum  chiorid  and  heated  to 
about  200°  F.  The  vegetable  matter  is  charred  at  this  temperature, 
after  which  it  is  crushed  and  dusted.  The  process  is  not  only  ex- 
pensive in  itself,  but  causes  a  heavy  shrinkage  loss  that  may  range 
from  7  to  27  per  cent  or  more  in  the  weight  of  the  scoured  wool.  Comb- 
ing wools  are  practically  never  subjected  to  the  carbonizing  treatment. 
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WATER  HEMLOCK,  CICUTA  MACULATA  L.,  A  BIENNIAL 

IN  INDIANA.1 


Albert  A.  Hansen,  Purdue  University  Agricultural  Experiment  Station 

Water  hemlock,  Cicuta  maculata  L.,  a  common  plant  along  moist 
roadsides  and  in  wet  places  generally  throughout  Indiana,  is  described 
as  a  perennial  by  practically  all  botanical  writers.  Britton  and  Brown 
state"  that  it  is  an  "erect,  tall,  perennial  glabrous  herb,"  with  several 
fleshy  roots.     According  to  Gray1'  it  is  classified  as  a  perennial. 
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Fig.    1.       (Left)     Growth    of    water   hemlock    during'   the    spring.      Note   that  the    new 

growth  developed  from  a  single  growing  point  while  the  other  tubers  are  dead.  (Right) 

Section    of   base    of   a   large    water   hemlock    plant    showing   the    old   dead    tubers  and    the 
new  live  tubers   produced  by  the  single  shoot. 

The  common  impression  among  botanists  is  that  the  tubers  of  water 
hemlock  carry  the  plant  over  the  winter  and  that  the  food  within  the 
tubers  causes  new  growth  the  following  spring.  A  study  of  the  develop- 
ment of  over  a  hundred  specimens  of  water  hemlock  when  they  renewed 

1  Contribution  from  the  Botany  Department    (Extension   Division),   Purdue  University 
Agricultural   Experiment   Station. 

2  N.    L.    Britton    and    A.    Brown,    Illustrated    Flora    of    the    Northern    United    States, 
Canada  and  the   British   Possessions,   2:657. 

3  Gray's   New  Manual  of   Botany,  p.   608. 
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growth  during  the  spring  shows  that  this  does  not  seem  to  be  the  case 
under  Indiana   conditions. 

It  appears  that  during  the  winter  the  entire  plant  dies,  including 
the  tubers,  but  with  the  exception  of  a  single  bud  or  growing  point 
usually  located  among  the  dead  tubers  at  the  base  of  the  stem.  This 
single  growing  point  is  biennial  in  habit  while  the  remainder  of  the 
plant  is  annual. 

The  food  stored  in  the  tubers  is  evidently  entirely  utilized  in  the 
production  of  seed,  since  the  entire  structure  of  the  tubers  decomposes 
during  the  winter.  When  the  growing  point  develops  during  the  spring 
(fig.  1),  young  fresh  tubers  form  while  the  old  plant  and  tubers  dis- 
integrate and  become  part  of  the  soil.  No  vegetative  part  of  water 
hemlock  remains  alive  for  more  than  two  years. 

Water  hemlock  is  of  special  interest  in  Indiana,  since  the  loss  of 
considerable  stock  in  the  state  has  been  due  to  eating  the  poisonous 
tubers,  while  a  human  death  attributed  to  water  hemlock  poisoning 
occurred  in  Indiana  during  1923.  The  victim  was  Clyde  Shady  of  Craig- 
ville  and  the  facts  of  the  case,  including  identification  of  the  plant  that 
caused  the  trouble,  were  verified  by  C.  C.  Deam,  state  forester. 


RECENT  INDIANA  WEEDS,  1924. 


Albert  A.  Hansen,  Purdue  University  Agricultural  Experiment  Station 

In  this  paper  is  recorded  the  occurrence  in  Indiana  of  plants  known 
to  possess  weedy  characteristics  and  which  are  new  in  the  state  or  else 
have  recently  developed  troublesome  tendencies.  It  covers  the  period 
from  October  1,  1923,  to  October  1,  1924,  and  is  a  continuation  of  pre- 
viously published  papers  on  the  same  subject. 

For  assistance  in  verifying  identifications  thanks  are  due  the  Gray 
Herbarium  of  Harvard  University,  the  Division  of  Economic  and  Sys- 
tematic Botany  of  the  United  States  Department  of  Agriculture  and  the 
New  York  Botanical  Garden.  Specimens  of  the  plants  listed  have  been 
deposited  in  the  herbarium  of  the  Purdue  University  Agricultural  Ex- 
periment Station. 

Slender  Canada  Thistle — Cirsium  arvense  (L.)  Scop.,  var.  mite, 
Wimm.  and  Grab.  This  variety  of  Canada  thistle  has  been  observed 
as  a  serious  field  weed  in  Henry,  Grant  and  Blackford  counties  and 
has  been  received  for  identification  from  several  additional  counties. 
The  general  aspect  of  this  variety  is  quite  different  from  the  true  Can- 
ada thistle,  differing  principally  in  the  taller,  slenderer  habit  of  growth, 
the  longer,  slenderer  flower  heads  and  the  leaves,  which  are  for  the 
most  part  entire  with  numerous  small  spines  on  the  margins  (fig.  1). 
The  plant  usually  grows  to  a  height  of  about  four  feet  when  mature. 

1  Contribution    from    the    Botanical    Department    (Extension    Division)     of   the    Purdue 
University  Agricultural   Experiment  Station. 

"Proc.  Ind.  Acad.  Sci.,  vol.  34,  1924    (1925)." 
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Few  farmers  recognize  this  variety  as  Canada  thistle.  On  a  farm 
in  Henry  County  a  patch  of  this  plant  has  infested  the  entire  com- 
munity by  means  of  the  wind-distributed  seeds.  Although  neighboring 
farmers  have  threatened  arrest  under  the  provisions  of  the  Canada 
thistle  law,  the  owner  has  consistently  refused  to  cut  the  patch,  claim- 
ing that  the  plant  is  not  Canada  thistle  and  therefore  does  not  come 
under  the  Canada  thistle  law.  The  variety  is  distributed  from  Penn- 
sylvania to  Iowa. 

Marsh  Marigold — Caltha  f lab elli folia  Pursh. — This  was  found  as  a 
pasture  weed  in  low  ground  along  a  ditch  on  the  John  E.  Steffe  farm 
near  Warsaw.  The  species  is  called  mountain  marigold  in  the  Britton 
and  Brown  Illustrated  Flora  because  it  is  found  principally  in  eastern 
highlands,  and  it  has  not  been  previously  reported  west  of  the  Alle- 
ghenies.  Dr.  John  K.  Small  of  the  New  York  Botanical  Garden  states 
that  the  Indiana  plant  "is  like  specimens  of  C.  flab  elli  folia  that  grow 
on  the  Pocono  Mountain,  Pennsylvania,  the  type  locality  for  the  species." 


Fig.   1.     Leaf  and  flower  head  of  Cirsium  arvense    (L.)    Scop.  var.  mite. 

Musk  Thistle — Carduus  nutans  L. — This  species  was  found  estab- 
lished in  fields  a  few  miles  east  of  Elkhart.  The  plants  were  in  full 
bloom  on  July  5,  1924.  It  is  a  European  species  found  in  waste  places 
from  Delaware,  District  of  Columbia,  Pennsylvania  and  New  Jersey  to 
New  Brunswick  and  in  ballast  about  seaports.  Dr.  P.  A.  Rydberg  of 
the  New  York  Botanical  Garden  verified  the  identification  while  C.  A. 
Weatherby  of  the  Gray  Herbarium  is  of  the  opinion  that  the  Indiana 
specimens  are  C.  numidicus  Coss.  and  Dur.,  a  species  native  only  in  a 
restricted  region  in  Algeria.  He  regards  the  occurrence  of  this  plant 
as  a  weed  in  Indiana  to  be  a  striking  event.  C.  numidicus  is  closely 
related  to  C.  nutans,  of  which  it  is  possibly  a  variety,  and  is  distinguished 
by  the  comparatively  broad,  dilated  and  acute  or  short-acuminate  upper 
portion  of  the  involucral  bracts. 

Fluellin — Kickxia  elatine  (L)  Dumort — This  species  was  found 
growing  in  a  field  in  Ohio  County  on  September  15,  1924.  Although 
there  is  no  printed  record  of  the  occurrence  of  this  plant  in  Indiana, 
C.  C.  Deam  informed  the  writer  that  he  has  collected  the  species  on  the 
lawn  of  River  Park,  Evansville,  where  it  grew  in  abundance.  It  is  a 
creeping  annual  with  the  aspect  of  Convolvulus  arvensis  and  is  native 
in  Europe  and  Asia.  May  become  troublesome  as  a  lawn  weed  in  southern 
Indiana. 

Crown  Vetch — Coronilla  varia  L. — Collected  in  full  flower  along  a 
roadside  near  Lebanon  on  June  25,  1924,  and  received  for  identification 
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on  September  27,  1924,  from  Edward  Merrill  of  Kokomo.  According 
to  Mr.  Merrill,  the  plant  was  found  growing  luxuriantly  in  a  graveyard 
two  miles  north  of  Sweetser,  where  it  was  first  noted  during  1921  and 
since  when  it  has  spread  considerably.  The  writer  was  informed  by 
C.  C.  Deam  that  he  possesses  a  specimen  collected  by  W.  H.  Latta,  on 
June  20,  1923,  on  a  roadside  one  mile  north  of  Broad  Ripple,  Marion 
County.  Although  regarded  as  an  incidental  weed,  the  species  is  a 
perennial  legume  with  handsome  flowers. 

Miscellaneous — A  specimen  of  field  pansy,  Viola  raftnesqiiii  Greene, 
was  received  from  County  Agent  C.  M.  East  of  Princeton  with  the  nota- 
tion that  the  plant  is  "a  common  weed  in  this  section."  In  the  vicinity 
of  Blocher,  Scott  County,  reed  canary  grass,  Phalaris  arundinacea  L., 
exists  as  a  troublesome  field  weed.  A  well  established  patch  of  Festuca 
capillata  Lam.,  new  to  Indiana,  was  found  on  a  roadside  near  LaFayette. 
In  a  field  of  oats  on  the  farm  of  D.  L.  Hartsough,  North  Manchester, 
several  patches  of  hoary  cress,  Lepidium  drabe  L.,  a  new  and  serious 
grainfield  weed  in  Indiana,  were  found.  Mr.  Hartsough  stated  that  the 
patches  were  first  noted  two  or  three  years  ago  and  they  have  resisted 
all  attempts  at  eradication. 
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PHENOMENA    EXHIBITED   BY   FUNGI   WHEN   GROWN 
IN  CLOSE  PROXIMITY. 


C.  L.  Porter,  Purdue  University 

When  a  flask  of  contaminated  culture  media  is  examined  an  inter- 
esting and  instructive  picture  presents  itself.  There  is  noted  a  variety 
of  forms  that  are  quite  different  as  to  character  and  method  of  growth. 
Some  of  the  forms  occupy  a  definite  area  resisting  the  encroachment 
of  the  surrounding  forms,  while  other  residents  of  such  an  heterogeneous 
colony  intermingle  and  overgrow  each  other  apparently  without  the 
means  or  the  inclination  to  remain  exclusive. 

Similar  conditions  exist  in  forest  growths  where  some  species  keep 
to  themselves  and  form  pure  stands  while  others  intermingle  on  lines 
of  pure  social  equality.  The  analogy  to  the  ecological  relations  of  the 
higher  plants  is  borne  out  likewise  in  the  continued  and  continuous 
change  which  takes  place  in  mixed  cultures.  In  such  circumstances  we 
may  observe  a  succession  of  forms  arising,  some  gaining  a  dominance 
which  checks  the  others  and  which  may  cause  their  eventual  elimination 
or  total  submergence. 

The  literature  relating  to  mixed  cultures  is  becoming  increasingly 
voluminous.  It  is  realized  by  those  engaged  in  studying  fungi  and  their 
ways  that  mixed  cultures  and  not  pure  cultures  are  common  in  nature,. 
Through  the  better  understanding  of  the  effects  which  one  fungus  pro- 
duces on  another  lies  the  possibility  of  more  satisfactory  explanations 
of  such  phenomena  as  epiphytotics,  disappearance,  and  alleviation  of 
symptoms.     Such  knowledge  may  lead  to  better  ideas  concerning  control. 

The  problem,  while  of  great  interest,  is  exceedingly  complex  and 
has  many  angles.  There  are  many  paths  to  follow,  any  one  of  which 
may  lead  to  interesting  and  important  results.  In  my  own  work  it 
seemed  that  the  most  promising  approach  lay  in  studying  microscopically 
the  zone  existing  between  two  approaching  cultures.  As  the  threads  of 
the  mycelium  grow  through  this  "no  man's  land"  toward  each  other  they 
soon  begin  to  show  by  morphological  changes  whether  or  not  they  are  to 
be  affected  by  each  other.  Most  of  these  changes  have  been  listed  and 
analyzed  in  a  recent  paper.1 

For  making  such  morphological  observations  I  formerly  used  cul- 
tures growing  on  agar  on  glass  slides.  I  have  discovered  recently,  how- 
ever, that  mica  strips  serve  my  purpose  better.  They  may  be  cut  to 
any  shape  or  size  desired,  they  are  easily  cleaned,  do  not  break  and 
may  be  sterilized  to  red  heat  in  the  flame  of  the  Bunsen  burner  and  be 
ready  for  use  within  a  moment  following  sterilization.  These  mica  strips 
are  placed  on  match  sticks  in  Petri  plates.  Melted  agar  is  poured  on 
the  mica  strips  and  when  the  agar  is  hardened  the  strips  are  inoculated. 
The  agar  is  kept  from  drying  by  placing  moistened  filter  paper  in  the 

1  Porter,   C.  L.     Araer.   Jour.  Bot.   11:168-188.     1923. 
"Proc.  Ind.   Acad.  ScL,  vol.  34,  192^    (1925)." 
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bottom  of  the  plate.     As  soon  as  growth  is  well  started  the  cultures  are 
kept  under  constant  observation. 

In  this  manner  recently  a  new,  and  hitherto  unreported  morpholog- 
ical change  was  noted.  G.  C.  Bormuth,  a  student  of  mine  working  with 
mixed  cultures  discovered  a  fungus  which  came  into  his  cultures  as  a 
contamination  which  had  a  peculiar  dissolving  effect  on  the  mycelial 
hyphae  with  which  it  came  in  contact.  This  peculiar  phenomenon  is 
often  apparent  before  the  fibres  are  in  actual  contact  or  it  may  not  be 
observed  until  after  there  is  some  intermingling.  The  hyphae  of  other 
fungi  when  grown  in  close  proximity  become  first  filled  with  bubble- 
like structures.  Eventually  the  mycelial  wall  disappears  but  the  bubbles 
remain  marking  the  former  position  of  the  hypha.  These  bubbles  gradu- 
ally become  smaller,  more  scattered  and  finally  they  disappear.  In  Petri 
dish  cultures  a  clear  zone  gradually  forms  and  is  clearly  evident  to  the 
unaided  eye  preceding  the  advance  of  the  dissolving  fungus.  This  effect 
has  been  noted  with  a  considerable  number  of  species  including  several 
isolated  from  corn  stalks,  probably  Fusaria;  also  Fusariwm  cubense, 
F.  conglutinans,  F.  lini,  Sclerotium  rolfsii  and  a  Penicillium  isolated 
from  gladiolus  bulbs.  F.  cubense  reacted  more  strongly  with  the  dis- 
solving fungus  than  any  of  the  others  tried.  The  effect  was  sufficiently 
striking  with  F.  conglutinans  to  justify  the  attempt  to  check  it  in  the 
soil  with  the  dissolving  fungus. 


Cyanide  Injury  to  Greenhouse  Plants  261 


FACTORS    INFLUENCING    CYANIDE    INJURY   TO 
GREENHOUSE  PLANTS. 


H.  D.  Brown,  R.  J.  Otten  and  W.  D.  Reading,  Purdue  University 

Hydrocyanic  acid  gas  is  used  by  florists  and  vegetable  gardeners 
for  the  control  of  certain  insect  pests  in  the  greenhouse.  It  is  the 
cheapest  known  fumigant  used  and  is  the  only  one  that  is  entirely 
effective  for  the  control  of  white  flies. 

The  gas  is  generated  by  placing  sodium  cyanide  or  potassium 
cyanide  in  a  mixture  of  hot  sulphuric  acid  and  water.  A  great  number 
of  formulas  are  given  for  this  mixture  of  cyanide,  acid  and  water.  A 
proportion  of  one  ounce  of  sodium  cyanide  to  two  ounces  of  sulphuric 
acid  and  three  ounces  of  water  is  commonly  used.  The  main  essential 
is  to  be  sure  that  sufficient  acid  is  present  to  react  with  all  the  cyanide 
added. 

Recommendations  relative  to  the  amount  of  sodium  cyanide  which 
should  be  used  vary  from  one  ounce  to  one-tenth  ounce  per  1000  cubic 
feet  of  greenhouse  space.  Some  of  this  great  difference  in  dosage  rec- 
ommendation is  no  doubt  due  to  the  difference  in  the  structure  of  vari- 
ous houses.  Greenhouses  recently  constructed  naturally  confine  the  gas 
better  than  most  old  structures  where  the  avenues  for  the  escape  of 
gas  are  numerous. 

It  is  recognized,  however,  that  something  besides  structure  has  a 
great  influence  upon  the  ability  of  plants  to  withstand  differences  in 
fumigation  dosages.  Various  authorities  recommend  that  the  plant 
foliage  be  dry  at  the  time  of  fumigation,  others  recommend  reducing 
the  temperature  and  still  others  recommend  fumigating  on  dark  nights 
upon  the  assumption  that  the  stomata  might  open  in  the  light  of  the 
moon  and  thus  afford  a  better  chance  for  the  entrance  of  cyanide  with 
its  resultant  injury.  In  tests  conducted  in  the  Purdue  Agricultural 
Experiment  Station  greenhouses  no  noticeable  effect  was  produced  from 
the  light  of  the  moon  and  no  injury  resulted  from  moisture  applied 
either  as  a  spray  on  the  leaves  or  condensed  in  the  form  of  clew.  Tem- 
peratures, of  course,  had  considerable  effect  but  not  nearly  as  much  as 
is  commonly  attributed  to  this  factor.  A  relative  humidity  variation 
of  from  55  to  95  per  cent  apparently  had  no  effect  upon  plant  injury 
or  upon  the  effectiveness  of  the  dosage.  Clayton1  found,  "The  resistance 
of  the  tomato  to  cyanide  is  increased  by  the  presence  of  water  on  the 
leaf  surface."  This  finding,  relative  to  moisture  on  the  foliage  is  con- 
trary to  most  of  the  statements  commonly  made  in  relation  to  this 
subject. 

In  the  Purdue  tests  it  was  found  that  hardened  plants  were  able 
to  stand  a  much  greater  dosage  than  tender  plants.  Figure  1  shows  the 
effect  of  1/5  ounce  of  sodium  cyanide  per  1000  cubic  feet  of  greenhouse 

1  Clayton,   E.   E.     Hydrogen  cyanide   fumigation.     Bot.  Gaz.   67:483-500,   1919. 
"Proc.  Ind.  Acad.  Sci.,  vol.  34.  1924    (1925)." 
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space  on  hardened  as  compared  with  tender  lettuce  and  tomato  plants. 
This  difference  was  found  to  be  very  pronounced.  In  later  fumigations 
it  was  found  that  tomato  plants  in  a  very  tender  condition  could  not 
stand  a  dosage  of  1/7  ounce  per  1000  cubic  feet  of  greenhouse  space. 
This  difference  in  ability  to  withstand  cyanide  injury  explains  in  part 
why  larger  dosages  of  cyanide  can  be  given  to  potted  plants  as  com- 
pared to  plants  growing  in  bunches  and  why  bench-grown  plants  will 
stand  more  than  ground-bed-grown  plants.  Regardless  of  the  correla- 
tion between  carbohydrate,  sugar,  pentosan  and  colloid  content  of  hard- 
ened and  non-hardened  plants,  it  is  generally  conceded  that  the  harden- 


ing. 1.  Effect  of  hydrocyanic  acid  gas,  from  sodium  cyanide  used  at  the  rate  of  1,  5 
ounce  per  1,000  cubic  feet  of  greenhouse  space,  on  hardened  and  tender  tomato  and 
lettuce  plants.     Hardened   plants  at  the  center  and  tender  plants  at  the  sides. 


ing  process  is  favored  by  a  lowering  of  the  temperature  and  by  with- 
holding the  moisture  either  by  actual  drought  or  physiological  drought. 
Plants  grown  in  pots  and  to  a  lesser  extent  in  benches,  regardless  of 
the  care  of  the  grower,  are  bound  to  suffer  from  lack  of  water  and 
hence  they  are  constantly  in  a  more  or  less  hardened  condition.  On 
the  other  hand,  plants  grown  in  ground  beds  seldom  suffer  from  lack 
of  moisture  and  since  most  greenhouse  soils  contain  an  abundance  of 
plant  food  materials,  especially  nitrogen,  these  plants  make  an  ex- 
tremely soft  growth,  very  susceptible  to  injury  of  any  kind.  The  prob- 
lem of  preventing  soft  growth  in  ground  beds  thus  becomes  of  great 
importance  to  both  florists  and  vegetable  forcers. 
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It  must  also  be  recognized  that  other  factors  may  produce  vegeta- 
tive growth  or  a  tender  plant.  Lack  of  sunlight  from  shading  or  from 
shortened  days  creates  tender  plants,  likely  due  to  the  fact  that  the 
nitrogen  cannot  be  synthesized  into  protein  colloids  and  other  essential 
constituents  of  the  hardened  plant.  Clayton1  found  plants  grown  in  the 
shade  to  be  more  susceptible  to  cyanide  injury.  He  also  states  that 
''the  radish  endures  without  injury,  three  times  the  strength  of  fumiga- 
tion which  a  tomato  endures,  yet  microchemical  examination  reveals  but 
little  difference  in  the  cuticular  development." 

During  the  tests  conducted  in  the  Purdue  greenhouses  it  was  found 
that  radishes,  lettuce  and  tomatoes,  grown  under  the  same  conditions, 
had  approximately  the  same  degree  of  resistance  to  fumigation  dosages. 
Hardened  plants  of  all  three  vegetables  withstood  much  greater  dosages 
than  unhardened  plants.  While  species  with  cutinized  or  suberized  epi- 
dermal membranes  are  doubtless  more  resistant  to  cyanide  dosages,  yet 
the  chief  factor  of  practical  importance  is  the  hardening  of  such  plants 
as  do  not  have  such  resistant  membranes. 

The  ability  of  plants  to  withstand  freezing  temperatures  has  been 
attributed  to  various  factors,  such  as  increased  sugar  content,  increased 
pentosan  content  and  hydrophilous  colloids,  and  to  reduced  water  con- 
tent and  increased  water  holding  capacity.  Doubtless  these  same  in- 
gredients'2 serve  in  somewhat  the  same  capacity  in  preventing  cyanide 
injury.  Clayton'  found  that  plants  infiltrated  with  glucose  were  re- 
sistant to  cyanide  injury.  This  was  true  of  both  hardy  and  tender 
plants.  He  attributed  this  protective  action  to  be  due  to:  1.  Supplying 
an  excess  of  molecules  to  unite  with  the  cyanide  entering.  2.  Glucose 
may  take  the  place  of  the  missing  oxygen  since  oxygen  transfer  in  the 
tissues  of  the  higher  animals  is  retarded  by  hydrocyanic  acid  gas.3 
While  the  above  factors  may  play  a  part  in  the  resistance  to  fumiga- 
tion, it  also  seems  logical  to  assume  that  the  same  factors  which  are 
operating  to  protect  plants  from  freezing  injuries  are  also  acting  to 
prevent  cyanide  injury.  For  instance  all  plants  resistant  to  freezing 
(hardy) ,  contain  a  higher  percentage  of  glucose  than  non-hardened 
plants".  In  the  case  of  plants  hardened  against  low  temperatures,  this 
increase  of  sugar  content  "would  increase  the  osmotic  concentration  of 
the  cell  sap,  depress  the  freezing  point  and  perhaps  serve  to  hold  a 
somewhat  larger  amount  of  water  in  the  unfrozen  state"".  Infiltrated 
glucose,  through  its  affinity  for  wTater,  very  likely  reduces  the  free  water 
content  of  the  plant  to  such  a  degree  as  to  prevent  cyanide  injury.  This 
decrease  in  available  water  content  and  increase  in  osmotic  concentra- 
tion of  the  cell  sap  may  cause  the  contraction  of  the  stomata  and  thus 
lessen  the  chances  of  cyanide  entrance1.  The  removal  of  surplus  water 
may  also  reduce  the  amount  of  solvent  through  which  the  cyanide  be- 
comes active. 


-Rosa,  J.  T.  Investigations  on  the  hardening  process  in  vegetable  plants.  Mo.  Res. 
Bui.   48,   1921.      (141    references  on   the  subj'ect  of  hardening   in   plants   included.) 

3  Geppert,  J.  Ueber  das  vvesen  der  blausaurevergiftung.  Zeit.  Klin.  Med.  1  Bd. 
1   J.     Heft.  3,   P.   208-292,   1888. 

1  Palladin's  Plant   Physiology,   p.   36.     P.   Blackiston,   Son   &   Company,   1914. 
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The  range  of  effectiveness  of  the  gas  against  such  insects  as  aphids, 
thrips  and  white  flies,  is  quite  large.  In  some  tests  conducted  in  a  very 
tight  house  1/20  of  an  ounce  per  1000  cubic  feet  of  greenhouse  space 
was  effective  in  killing  aphids  and  white  flies,  The  proper  dosage  for 
any  particular  greenhouse  must  be  determined  experimentally  for  that 
house  and  will  be  dependent  largely  upon  the  type  of  house,  kind  of 
plants,  and  the  condition  of  the  plants.  A  fairly  safe  rule  is  to  start 
with  1/10  ounce  dosages  and  increase  these  until  the  desired  results 
are  obtained.  Fumigation  should  be  given  at  the  temperature  and 
humidity  ordinarily  prevailing  in  the  house  on  a  perfectly  still  night 
(no  wind),  when  the  temperature  changes  are  likely  to  be  small,  as  the 
house  is  not  usually  entered  until  morning.  Cyanide  is  a  deadly  poison 
and  should  be  used  with  care.  Use  crockery  dishes  in  generating  the 
gas. 
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HYDROGEN-ION  CONCENTRATION  OF  CERTAIN  PLANT 

JUICES. 


F.  M.  Andrews,  Indiana  University 

A  considerable  number  of  tests  were  made  in  order  to  ascertain 
the  hydrogen-ion  concentration  of  the  cell-sap  of  certain  plants  espe- 
cially that  of  the  fruiting  parts.  This  was  in  part  for  comparison  of 
fruits  of  different  stages  of  maturity.  The  juices  were  obtained  by 
grinding  the  parts  in  a  small  mill  so  as  to  crush  the  cells  and  thus 
release  the  sap.  The  pulp  thus  obtained  was  then  squeezed  out  by  means 
of  slight  pressure.  These  processes  were  completed  in  as  short  a  time 
as  possible.  Gustafson1  has  also  made  a  study  of  the  hydrogen-ion  con- 
centration in  certain  plants  and  obtained  results  similar  to  those  of 
Haas.  In  the  first  experiments  the  plant  juices  were  filtered.  Two 
layers  of  filter  paper  were  used  for  this  purpose  which  freed  the  solu- 
tion of  the  suspended  material  but  did  not  give  a  clear  filtrate.  The 
unfiltered  sap  from  the  young  corn  stalks  first  used  was  green,  but 
after  filtration  it  was  brown.  It  was  found  that  taking  into  account 
n 

the  deviation  in  the HC1  the  E.M.F.  readings  of  the  filtered  and 

100 
unfiltered    solutions    showed   no    difference    and    hence    the   hydrogen-ion 
concentration  was  not  affected.     In  the  first  experiments  with  corn  the 
stems  were  used  and  in  all  the  tests  with  corn  the  variety  known  as 
"StowelPs  Evergreen"  was  selected. 

After  the  gas  chain  was  arranged,  the  hydrogen  was  allowed  to  pass 
through  from  the  compressor  and  the  resistance  box  balanced  against 
the  standard  cell.  The  connection  of  the  hydrogen  electrodes  was  ef- 
fected by  a  'salt  bridge'  which  in  this  case  was  composed  of  concen- 
trated KC1.  This  has  a  tendency  to  reduce  'diffusion  potentials'  to  a 
minimum,  while  the  cotton  plugs  employed  act  against  siphoning  of  the 
solutions  in  either  direction.  When  the  E.M.F.  of  the  potentiometer 
is  balanced,  the  research  material  can  then  be  quickly  tested  and  the 
Ph  calculated. 

The  sap  of  the  stalk  of  the  corn  was  taken  from  near  the  top'2  and 
10  cc.  of  the  sap  for  this  experiment,  as  well  as  the  others  to  be  men- 
tioned, was  used.  This  sap  was  substituted  at  the  hydrogen  entrance 
end  of  the  'gas  chain.' 

The  valuation  of  this  corn  sap  was  Ph  5.21.  This  was  not  changed, 
as  above  indicated,  by  the  filtration  process.  The  various  readings  were 
checked  a  number  of  times  both  before  and  after  the  experiments  in 
order  to  ascertain  that  constancy  had  been  obtained. 

1  Gustafson,  F.  G.     Hydrogen-ion   Concentration  Gradient   in  Plants,  Amer.  Jour.  Dot., 
1924.    Vol.    11,    pp.    1-6. 

2  Gustafson,   F.   G.     I.  c. 

"Proc.  Ind.   Acad.   Sci.,  vol.  34,  1924    (1925)." 
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The  green  fruit  of  the  'Ponderosa'  variety  of  Lycopersicum  escu- 
lentum  in  which  the  chlorophyll  had  settled  and  the  supernatant  sap 
decanted  showed  a  valuation  of  Ph  4.74.  Settling  of  the  suspended 
contents  generally  occurred  in  a  few  minutes.  While  the  time  element 
was  always  considered,  the  few  minutes  intervening  between  the  col- 
lection and  the  settling  of  the  heavier  contents  did  not  influence  the 
results  of  these  experiments.  This  was  shown  by  a  comparison  of  the 
research  material  which  was  allowed  to  settle  a  short  time,  with  the 
same  material  which  was  centrifuged. 

The  juice  of  the  ripe  fruit  of  the  'Ponderosa'  variety  gave  a  valua- 
tion of  Ph  5.49.  Separation  in  this  experiment,  as  in  all  subsequent 
ones,  was  occasioned  as  above  indicated  and  always  with  the  same  results. 

The  Ph  valuation  of  the  various  parts  of  certain  other  plants  may 
now  be  summarized  as  follows : 

The  ripe  fruit  of  Pyrus  malus  of  the  'Yellow  Transparent'  variety 
showed  Ph  3.05. 

The  ripe  fruit  of  Citrus  sinensis,  sweet  variety,  gave  Ph  3.07. 

The  ripe  fruit  of  Citrus  grandis,  Duncan  variety,  gave  Ph  5.13. 

The  ripe  fruit  of  Rheum  phaponticum,  Victoria  variety,  gave  Ph 
4.43. 

The  ripe  fruit  of  Primus  persica,  Crawford  variety,  gave  Ph  4.45. 

The  ripe  fruit  of  Cucumis  sativus,  Long  Green  variety,  gave  Ph 
5.64. 

The  green  fruit  of  Vitis  vinifera,  Concord  variety,  gave  Ph  5.50. 

The  ripe  fruit  of  Vitis  vinifera,  Concord  variety,  gave  Ph  3.99. 

The  sap  from  ear  of  corn  "in  the  milk",  Stowell's  Evergreen  va- 
riety, gave  Ph  8.35. 

The  ripe  root  of  Daucus  carota,  Danvers  Half  Long  variety,  gave 
Ph  3.95. 

The  ripe  tuber  of  Solanum  tuberosum,  Cobbler  variety,  gave  Ph 
7.19. 

The  ripe  tuber  of  Ipomoea  batatas,  Yellow  Jersey  variety,  gave  Ph 
7.12. 

The  ripe  bulbs  of  Allium  cepa,  Red  Globe  variety,  gave  Ph  6.82. 
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F.  M.   Andrews,  Indiana  University 

The  writer  has  observed  a  number  of  vigorous  specimens  of  Caryh 
ovata  over  a  period  of  18  years  in  order  to  ascertain  among  other  facts 
especially  the  age  at  which  the  bark  will  be  rifted  and  the  "scale  bark" 
formed.  It  has  been  possible  to  observe  five  specimens  which  have  been 
under  controlled  conditions  and  which  constitute  an  average  of  many 
trees  as  to  growth  and  scale  bark  formation.  These  trees  range  in  age 
from  five  to  twenty-nine  years.  The  trees  which  are  five  years  old 
have  retained  their  bark  in  a  smooth  condition  throughout  and  the 
lenticels  which  are  very  numerous  and  well  defined  have  retained  their 
distinctness  from  the  base  to  the  top.  The  bark  in  the  five-year-old 
trees,  and  even  at  times  in  younger  ones,  has  begun  at  the  base  to 
show  an  interrupted  system  of  light  colored  lines  which  extend,  on  the 
average,  one  meter  from  the  ground  up  the  stem.  These  mark  the 
location  of  the  scale  bark  which  is  produced  on  the  older  trees  of  this 
species.  This  tree  was  two  meters  high  and  one  cm.  in  diameter  at 
the  ground. 

In  the  trees  of  C.  ovata  which  were  six  years  old,  on  the  average, 
the  longitudinal  lines  above  referred  to,  have  become  more  distinct  and 
the  light  color  at  the  base  of  these  lines  has  become  more  intensified. 
The  second  noticeable  change  is  that  the  lenticels,  have  disappeared 
beginning  at  the  base  of  the  stem  and  have  reappeared  71  cm.  from 
the  ground  where  the  tree  is  two  cm.  in  diameter.  This  specimen  of 
C.  ovata  is  three  meters  high  and  2.5  cm.  in  diameter  at  the  ground. 
The  longitudinal  lines  above  mentioned  are  much  broader  in  some  speci- 
mens than  in  others  but  at  this  stage  average  only  0.5  mm.  or  less  in 
depth.  They  are  frequently  criss-crossed  by  lines  of  the  natural  color 
and  surface  elevation.  This  is  due  to  the  increase  in  diameter  of  the 
stem  which  pulls  the  closely  situated  lines  apart  in  many  instances.  In 
other  cases  it  is  due  to  the  splitting  of  lakes  of  bark  of  the  natural 
elevation  left  between  two  lines.  In  some  specimens  of  C.  ovata  these 
shallow  criss-crossed  lines  often  attain  a  diameter  of  8  mm.  in  one 
year.  This  amount  of  expansion  of  the  original  white  lines  was  equiva- 
lent to  1.8  mm.  per  month  for  one  observed  growing  period  of  five 
months.  In  most  of  the  trees  the  longitudinal  lines  did  not  widen  in 
the  manner  just  mentioned  but  remained  light  lines  as  at  first  mentioned. 

The  observed  specimens  of  C.  ovata  which  were  eight  years  old 
averaged  four  meters  in  height  and  8  cm.  in  diameter  at  the  ground. 
In  the  specimen  taken  as  an  average  example,  the  bark  remained  firm 
and  smooth  except  for  the  numerous  fine,  rather  short,  more  or  less 
wavy  light  lines  parallel  with  the  trunk.  The  lines  in  the  bark  of  the  five- 
year-old  tree  were  nearly  straight,  but  the  waviness  shown  in  the  eight- 
year  specimen,  as  well  as  older  ones,  indicated  the  unequal  peripheral 
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growth  to  which  the  bark  at  this  age  could  not  accommodate  itself. 
These  wavy  lines  deviated  from  two  to  four  mm.  in  some  places  in  a 
straight  line  two  cm.  long.  This  was  shown  by  penciled  lines  parallel 
with  the  lines  in  the  bark.  Lines  made  with  ink,  even  the  best  quality 
of  Chinese  ink,  are  not  durable  or  satisfactory  since  under  the  condi- 
tions encountered  here  they  are  more  or  less  quickly  effaced.  This  is 
not  the  case  with  suitable  dark  pencil  lines.  In  the  eight-year-old 
specimen  of  C.  ovata  the  lenticels,  as  would  be  expected,  had  entirely 
disappeared  from  the  trunk.  They  were  only  to  be  seen  on  the  small 
branches,  where  the  diameter  was  about  one  cm.  or  less. 

The  11-year-old  specimen  of  C.  ovata  is  six  meters  high  and  12 
cm.  in  diameter  at  the  base.  It  is  an  average  specimen  and  its  bark 
is  conspicuously  furrowed  by  the  light  lines  referred  to  in  the  other 
trees.  These  furrows  are,  however,  more  plainly  marked  by  their 
length,  breadth  and  color  than  in  the  younger  specimens.  The  waviness 
is  also  more  pronounced  for  in  a  length  of  two  cm.  they  were  kinked 
in  places  as  much  as  seven  mm.  from  a  straight  line.  At  times  they 
almost  assumed  a  zig-zag  course  in  a  length  of  a  few  cm.  All  the  lines, 
as  in  the  younger  trees  here  discussed,  assumed  a  general  parallel  course 
with  the  stem.  No  breaks  in  the  light  lines  in  a  transverse  direction 
were  present  after  they  were  formed.  The  lenticels  as  before  were 
present  on  the  younger  parts  of  the  small  branches.  All  of  the  trees 
were  vigorous  and  wounds  caused  by  the  cutting  off  of  branches  were 
quickly  healed  and  grown  over.  In  a  few  years  some  scars  thus  made 
were  entirely  covered  and  scarcely  any  external  mark  was  left  to  indi- 
cate where  the  branch  had  been  removed.  The  rate  of  growth  was 
rapid  for  this  species  and  showed  a  healthy  condition. 

The  29-year-old  specimen  of  C.  ovata  is  10  meters  high  and  18  cm. 
in  diameter  at  the  ground.  For  a  distance  of  eight  cm.  above  the  ground 
the  light  lines  above  referred  to  are  very  conspicuous.  These  are  dis- 
continued then  until  a  height  of  130  cm.  is  reached  where  the  diameter 
is  11.5  cm.  when  they  begin  again  and  follow  the  trunk  to  a  height  of 
6,5  m.  These  light  lines  began  in  this  tree  at  the  age  of  four  years, 
which  is  somewhat  earlier  than  was  the  case  with  the  first  specimen 
noted  in  this  paper.  The  age  at  which  scale  bark  formation  began  in 
this  tree  was  during  the  eighteenth  year  and  this  is  also  the  average 
age  for  its  appearance  in  Carya  ovata  as  was  shown  by  comparative 
observations  on  other  trees.  The  longitudinal  cracks  appeared  three 
inches  above  the  ground  and  ended  at  a  height  of  130  cm.  where  the 
light  lines  above  noted  began.  When  the  longitudinal  cracks  began 
they  widened  rapidly  as  the  circumference  of  the  trunk  increased  so 
that  at  the  twenty-ninth  year  the  strips  of  bark  so  formed  were  sepa- 
rated from  one  to  four  cm.  from  one  another  in  places.  This  separa- 
tion was  most  conspicuous  on  the  south  side  of  the  tree,  which  grows 
in  a  semi-open  situation.  The  cross  cracks  which  separate  the  above 
mentioned  strips  begin  25  cm.  from  the  ground  on  the  north  side  and 
end  50  cm.  above  this  point.  On  the  south  side  of  the  tree  the  cross 
cracks  begin  12.5  cm.  above  the  ground  and  are  evident  for  a  distance 
of  118  cm.  above  this  point.     The  strips  of  scale  bark  turn  back  much 
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more  on  the  south  side  and  show  much  more  development  than  on  the 
north  side  due  to  differences  of  temperature,  and  growth  conditions. 
The  longitudinal  lines  have  remained  light  brown  in  color  at  the  base 
throughout  the  29  years  but  in  much  older  specimens  of  C.  ovata  this 
color  has  changed  to  almost  black.  This  change  of  color  is  gradually 
effected  by  exposure  especially  to  light  and  is  usually  completed  in  the 
rifts  of  bark  on  trees  of  this  species  at  about  40  years  of  age.  The 
young  rifts  in  the  bark  of  trees  even  of  40  years  of  age  are  still  light 
brown  at  the  bottom  of  the  depression  which  they  form  but  this  gradu- 
ally changes  to  a  dark  color  in  the  older  cracks  toward  the  base  of  the 
tree. 

A  very  old  specimen  of  C.  ovata  which  stands  near  the  tree  in 
question  and  which  is  at  least  300  years  old1  has  rifts  both  cross  and 
longitudinal  that  are  very  wide  and  which  are  very  dark  throughout  the 
length  of  the  trunk.  The  scale  bark  produced  in  this  300-year-old 
specimen  varies  in  width  from  3  to  20  cm.  and  is  loose  from  the  trunk 
for  a  distance  of  one  to  four  meters  and  is  widely  turned  out  at  the 
cross  divisions,  a  condition  which  gives  the  entire  trunk  a  very  shaggy 
appearance.  The  rate  of  callus  formation,  while  slower  than  in  some 
trees,  shows  nevertheless  a  fair  rate  of  growth  in  the  young  trees. 
Limb  scars  having  a  diameter  of  one  inch  were  completely  healed  over 
in  six  years  in  the  29-year-old  specimen  and  left  only  a  slight  dis- 
figuration on  the  surface.  The  specimens  varying  in  age  from  5  to 
29  years,  first  discussed  in  this  paper,  grew  from  nuts  formed  on  this 
300-year-old  specimen. 

As  the  bark  becomes  older  it  finally  hangs  in  loose  strips  and 
eventually  falls  off  so  that  it  never  accumulates  to  any  considerable 
thickness.  It  may  even  adhere  at  times,  as  in  the  very  old  specimen 
mentioned,  in  a  more  or  less  shingle-like  fashion  so  that  the  beginnings 
or  complete  formation  cf  several  alternating  strips  may  be  seen.  Due 
to  the  slow  growth  of  the  phellogen,  the  formation  of  these  long  strips 
in  an  old  tree  and  their  subsequent  separation  often  requires  years  to 
accomplish  even  though  the  layers  are  comparatively  thin.  This  rate 
of  growth  in  C.  ovata  is  quite  different  from  that  shown  in  Quercus 
suber  with  respect  to  the  outer  layers  and  especially  as  regards  the 
thickness  of  the  "female  cork"  which  may  have  a  thickness  of  17  cm/ 
C.  ovata,  continues  to  form  the  scale  bark  as  long  as  it  lives.  Many 
young  specimens,  even  at  75  years  of  age,  show  the  same  characteristic 
shaggy  appearance  but  to  a  somewhat  less  degree.  In  Q.  suber  the 
cork  may  be  removed  from  the  tree  and  reforms  until  the  tree  is  about 
150  years  old:!.  As  de  Bary1  states  only  a  few  accurate  statements 
exist  concerning  the  age  of  bark  formation  and  desquamation.  It  is 
known  to  begin  in  the  following  named  trees  and  at  the  ages  mentioned : 
Robinia  pseudo-acacia  at  the  age  of  one  year;   Ulmus  effusa  at  three  to 

1  Andrews,   F.  M.     Proc.   Ind.  Acad.   Sci.,   1918,   p.   263. 

2  De  Bary,    A.      Vergleichende    Anatomie    der    Vegetatious    Organe    der    Phanerogamen 
und   Fame,   1877,   p.  573. 

3  De  Bary,   A.     /.   c,   p.   573. 

4  De  Bary,   A.     I.  c,   p.   574. 
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four;  Be  tula  alba  five  or  six;  Pinus  sylvestris  eight  to  ten',  Salix  Amyg- 
dalina  eight  to  ten;  Alders  15  to  20;  Quercus  25  to  35  years;  Abies  pec- 
tinata  and  Carpimus  at  the  50th  year'5.  The  specimens  of  C.  ovata  here 
referred  to  began  to  form  their  scale  bark  during  the  eighteenth  year. 
The  color  of  the  bark  ranged  from  light  or  gray  color  to  dark  when 
the  scale  bark  in  the  old  trees  was  formed.  This  is  due  to  changes  in 
the  cell  walls  and  to  the  formation  of  certain  phlobaphenes  in  the  cells 
at  certain  stages  of  bark  production. 

5Mohl,   von   Bot.   Zeit.,   1859,   p.   338. 

6  Haberlandt,   G.     Physiologische  Pflanzenanatomie,   1909,   Vierte  Auflage,   p.   131. 
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AN  UNUSUAL  IMPATIENS  BIFLORA. 


F.  M.  Andrews,  Indiana  University 

On  May  30,  1924,  Mr.  Hugh  Hinkle  discovered  the  unusual  Impatiens 
biflora  mentioned  in  this  paper.  It  was  found  growing  in  blue  mud  6 
dcm.  from  the  water's  edge  on  what  is  known  as  "Griffy  Creek"  and  at 
the  mouth  of  another  stream  called  "Eocky  Branch"  in  Monroe  County, 
Indiana.  When  first  seen  the  plant  was  46  cm.  in  height.  It  was  the 
only  specimen  of  its  kind  and  grew  among  many  other  perfectly  normal 
representatives  of  Impatiens  biflora.  Attention  was  at  first  directed  to 
it  partly  because  it  was  larger  and  more  thrifty  than  the  normal  plants. 
But  especially  it  was  noticeable  on  account  of  its  unusual  color.  The 
stem  was  deep  dark  red.  The  alternate  leaves  were  also  deep  dark  red 
throughout,  except  for  a  green  border  3  mm.  wide.  The  deep  dark  red 
color  of  the  leaves  strongly  resembled  certain  individuals  of  Coleus 
Blumei.  The  "purple  color"1  often  seen  in  Impatiens  biflora  was  not 
even  an  approach  to  the  deep  red  color  of  the  plant  here  described.  The 
same  is  true  of  the  dull  red  color  of  the  stem  of  /.  Haukeri  and  /. 
platypetala.2  The  leaves  were  ovate  lanceolate,  coarsely  serrate  and 
averaged  6  cm.  long  and  3.5  cm.  wide  near  the  base.  The  petioles  were 
rather  long  and  stout.  The  leaves  of  the  usual  forms  of  /.  biflora  in 
our  "range"  are  "ovate  or  oval,  coarsely  toothed3,"  and  have  "slender 
petioles3." 

The  coarsely  serrate  form  of  the  leaves  of  this  specimen  of  /.  biflora 
closely  resembles  the  "deeply  serrate'"  margin  of  the  leaves  of  the 
Garden  Balsam,  I.  Balsamina.  No  flowers  were  formed.  The  deep  red 
plant  was  carefully  transplanted  to  a  shady  place  in  rich  damp  soil 
where  it  could  be  protected  and  further  observed.  It  grew  rapidly  and 
before  frost  it  was  potted  and  transferred  to  a  greenhouse  for  further 
study.  At  first  the  stem  was  slender,  with  enlargements  at  the  nodes. 
This  specimen  finally  attained  a  height  of  10  dcm.  The  stem  then  grew 
much  stouter  and  became  enormously  enlarged  at  the  nodes,  consider- 
ably more  than  the  nodes  of  representatives  of  the  Balsaminaceae  or- 
dinarily show. 

After  a  time  efforts  were  made  tc  grow  cuttings  of  this  red  /.  biflora 
which  is  so  readily  done  with  the  "indoor  species4."  In  this  I  was  not 
successful.  Light,  temperature  and  chemical  factors  enter  into  the 
cause  of  the  intense  coloration  in  this  specimen.  Colored  cell-sap  may 
increase  the  temperature  as  is  well  known   in  various  plants  growing 

1  Britton    and    Brown.     An    Illustrated    Flora    of    the    Northern    U.    S.    and    Canada. 
1913,   2d  Ed.,  Vol.  2,   p.   440. 

2  Bailey,    L.    H.      The    Standard    Cyclopedia    of    Horticulture,    1919,    3d    Ed.,    Vol.    3, 
P.   1644. 

3  Gray,    A.      New   Manual   of  Botany,   7th   Ed.,   p.    560. 

4  Bailey,    L.   H.     I.e.,   p.    1642. 
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in  damp  situations".  Differences  in  the  color  of  the  flowers  in  the  Bal- 
saminaceae  merits  more  attention  than  it  has  received.  Since  certain 
representatives  of  the  Balsaminaceae,  as  the  wild  specimen  here  de- 
scribed, show  at  times  a  pronounced  change  of  color  to  red  or  other 
color  under  certain  conditions,  these  plants  therefore  constitute  good 
objects  for  the  investigation  of  the  underlying  causes.  After  the  plant 
had  reached  its  full  size  it  shed  the  large  leaves  above  mentioned  and 
put  out  a  large  number  of  small  leaves  which  were  of  the  same  deep 
red  color  as  the  first  ones.  The  second  lot  of  leaves  were  2  cm.  long 
and  9  mm.  wide.  Their  margins  were  not  green  as  were  those  of  the 
large  leaves,  but  were  deep  red.  The  margin  was  toothed  like  the  large 
leaves  which  were  first  formed,  but  the  petioles  differed  in  being  long 
and  slender.  The  chemical  conditions  which  in  large  measure  brought 
about  the  deep  red  color  so  marked  in  all  stages  of  the  plant's  develop- 
ment, and  the  absence  of  flowers,  stand  in  close  relation.  This  point 
also  is  worth  further  study.  The  plants  of  /.  biflora  will  be  studied  in 
their  original  habitat  next  year  in  order  to  further  ascertain  the  various 
points  mentioned  in  this  paper. 


5  Benecke,    W.      Pflanzenphysiologie,    1924.      Vierte   Auf.      Bd.   I.      p.    86. 
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THE  VEGETABLE  REGIONS   OF  INDIANA. 


I.    C.    Hoffman,    Purdue    University    Agricultural    Experiment    Station 

The  vegetable  regions  of  Indiana  cover  almost  the  entire  state.  In 
each  of  these  regions  the  soil  varies  greatly  which  permits  a  wide  range 
of  vegetables  to  be  grown.  The  climate  in  these  regions  also  assists  in 
widening  the  range  of  vegetables  grown  in  each  section.  Because  of  this 
wide  variation  in  soil  and  climate  the  vegetable  sections  overlap  so  that 
within  a  given  section  which  is  especially  adapted  to  a  certain  crop,  the 
soil  may  vary  to  such  an  extent  that  one  or  more  other  crops  may  also  be 
successfully  grown. 

An  attempt  has  been  made  to  outline  the  extent  of  these  regions  on 
the  accompaying  map  (fig.  1).  While  it  is  impossible  to  show  in  detail 
the  exact  location  of  each  soil  type,  it  is  understood  that  suitable  types 
are  present  and  these  together  with  the  climatic  conditions  adapt  the 
regions  to  the  crops  suggested.  The  map  is  a  combination  in  that  it  in- 
dicates soil  adaptation  and  at  the  same  time  points  out  the  present  de- 
velopment of  the  vegetable  industry  in  the  state.  It  should  also  suggest 
lines  of  future  development. 

The  principal  vegetable  crops  raised  in  Indiana  are  tomatoes,  sweet 
corn,  potatoes,  onions,  cucumbers,  cabbage,  watermelons,  cantaloupes, 
sweet  potatoes  and  celery.  Peppermint  while  not  commercially  classed  as 
a  vegetable  crop,  is  included  because  of  its  special  importance.  Peas, 
green  beans  and  pumpkins  are  raised  to  a  limited  extent  for  canning  pur- 
poses, but  their  chief  importance  is  as  market  gardening  crops. 

Because  of  its  great  importance  as  a  canning  crop  the  tomato  is  the 
second  in  importance  of  the  vegetables  grown  in  the  state.  There  are  be- 
tween 60,000  and  65,000  acres  of  tomatoes  grown  annually  in  Indiana 
for  canning  purposes  and  as  the  industry  develops  this  acreage  will  un- 
doubtedly be  materially  increased.  The  acreage  of  tomatoes  grown  for 
market  garden  and  other  uses  will  bring  the  total  up  nearly  to  75,000 
acres.  Tomatoes  may  be  grown  anywhere  in  the  state  and  on  prac- 
tically any  type  of  soil.  However,  it  has  been  found  that  they  can  be 
raised  most  profitably  in  that  part  indicated  on  the  map  by  the  horizon- 
tal lines,  or  that  part  of  the  state  from  the  Wabash  Valley  south  to 
the  Ohio  River.  A  rather  extensive  strip  of  very  rough  territory,  ex- 
tending east  and  west,  nearly  across  the  state,  and  lying  between  the 
west  and  east  branches  of  the  White  River,  and  crossed  by  the  latter, 
is  largely  undeveloped  as  a  truck  region,  and  much  of  it  never  will  be 
because  of  the  difficulty  in  getting  these  products  to  market  in  good 
condition.  Several  narrow  regions  lying  along  certain  rivers  are  com- 
posed of  sand,  and  since  they  are  better  adapted  to  certain  other  crops, 
few  tomatoes  are  raised  in  them.  The  soil  north  of  the  Wabash  Valley 
is  adapted  to  tomato  growing  but  the  early  frosts  kill  the  plants  often 
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before  a  very  large  part  of  the  fruit  can  be  harvested,  and  for  this 
reason  the  canning-  industry  is  not  expanding  rapidly  in  this  direction. 

Lake  Michigan  tempers  the  northwest  winds  and  tends  to  protect 
a  strip  of  territory  lying  between  South  Bend  and  Valparaiso  north  of 
the  Kankakee  River  from  late  spring  and  early  fall  frosts.  Hence,  here 
lies  a  possibility  for  further  profitable  expansion  of  the  tomato  as  well 
as  other  vegetable  industries. 

The  soil  best  adapted  to  sweet  corn  is  indicated  by  the  perpendicular 
lines  on  the  map.  Approximately  20,000  acres  of  sweet  corn  are  raised 
annually  for  canning  purposes  and  this  total  will  probably  be  in- 
creased if  the  present  demand  for  the  canned  product  continues.  Prob- 
ably 5,000  to  6,000  acres  are  raised  for  other  purposes  in  the  state, 
which  brings  the  total  acreage  for  this  vegetable  close  to  25,000  acres. 
This  crop  is  a  little  more  exacting  in  its  soil  requirements  than  tomatoes, 
yet  with  proper  soil  treatment,  sweet  corn  can  be  profitably  raised  over 
a  wide  range  of  soil  types.  It  does  best  under  conditions  which  produce 
the  best  dent  corn  and  for  this  reason  the  largest  acreages  are  confined 
to  the  best  corn  producing  counties. 

Potatoes  are  raised  in  every  county  and  on  nearly  every  farm  in 
the  state,  in  relatively  small  patches,  and  for  the  most  part  the  yields 
are  small.  Potatoes  can  be  grown  on  a  fairly  wide  range  of  soils,  if 
proper  care  and  fertility  are  supplied  and  the  climate  is  favorable.  There 
are  two  good  regions  for  potato  growing  in  the  state.  The  larger  lies 
between  the  Wabash  Valley  and  the  state  line  on  the  north  and  extends 
east  and  west  across  the  state.  Potatoes  do  best  in  the  muck  and  rich 
loams  which  are  relatively  cool,  and  the  highest  yields  are  obtained  from 
the  late  varieties.  The  other  region  lies  along  the  Ohio  River  where 
the  early  varieties,  especially  Irish  Cobblers,  are  planted  as  a  second 
crop.  By  this  treatment  large  yields  of  high  quality  tubers  are  being 
produced.  The  total  acreage  is  probably  between  80,000  and  90,000 
acres. 

The  northern  vegetable  soils  vary  suddenly  and  widely  in  type. 
In  the  potato  region  they  vary  from  peats  through  mucks,  loams,  sand 
and  clays  in  short  distances.  This  region  has  many  lakes  and  streams 
which  afford  an  abundance  of  water.  The  muck  soils  produce  large 
yields  of  onions,  celery  and  peppermint.  The  sands  are  planted  to  cu- 
cumbers and  the  cool  loams  and  to  a  certain  extent  the  muck  soils  to 
cabbage.  There  are  about  6,000  acres  of  onions  and  7,500  acres  of  cu- 
cumbers planted  annually  in  this  region.  The  cabbage  acreage  is  smal- 
ler, probably  about  1,500  acres. 

There  are  three  well  denned  celery  districts  in  this  region.  The 
largest  lies  southwest  of  South  Bend,  along  the  upper  Kankakee  River. 
It  is  still  new  and  in  the  process  of  development  at  the  present  time.  The 
second  district  lies  just  east  of  the  city  of  Elkhart  and  the  third  lies  in 
the  northern  part  of  Kosciusko  County.  This  crop  can  and  doubtless 
will  be  extended  to  other  sections  as  the  demands  of  the  market  increase. 
It  is  now  being  grown  in  a  small  way  in  other  parts  of  the  state.  The 
total  area  is  about  500  to  700  acres. 
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The  sandy  soils  along  the  rivers  in  southern  and  southwestern  In- 
diana, as  indicated  by  the  strippled  areas,  have  developed  into  exten- 
sive melon  regions.  Both  watermelons  and  cantaloupes  are  being  raised 
on  a  commercial  scale,  and  about  3,500  to  4,000  acres  of  cantaloupes  and 
3,000  to  3,500  acres  of  watermelons  are  raised  annually.  In  certain 
parts  of  these  regions,  notably  Knox,  Sullivan,  Gibson  and  Vigo  coun- 
ties, sweet  potatoes  are  being  raised.  This  crop  is  proving  to  be  a 
success,  when  handled  properly  and  in  all  probability  will  be  extended 
farther.  At  present  there  are  about  3,000  acres  of  sweet  potatoes  grown 
in  Indiana. 

Peas,  beans,  and  pumpkins  are  being  raised  in  limited  amounts,  as 
canning  crops.  No  well  denned  areas  have  yet  developed  and  probably 
will  not  for  a  long  time,  if  ever.  The  climate  is  not  favorable  for  pro- 
ducing peas  of  high  quality.  The  season  is  too  short,  and  hot  weather 
comes  on  about  the  time  the  pea  pods  are  filling.  This  causes  a  rapid 
maturing  of  the  seed  which  is  poor  in  quality.  There  are  two  centers 
where  peas  are  still  being  canned.  The  larger  of  the  two  lies  between 
Indianapolis  and  Tipton,  taking  in  the  counties  of  Marion,  Hamilton, 
Tipton  and  Madison.  The  second  is  just  north  of  this  one  and  lies  in 
the  Wabash  Valley,  in  Wabash,  Miami,  Fulton,  Cass  and  Carroll  coun- 
ties. The  total  acreage  is  not  large,  probably  not  more  than  5,000  acres 
annually. 

Green  beans  are  raised  for  canning  purposes  less  extensively  than 
peas,  but  they  occupy  about  the  same  general  territory  and  probably 
have  an  acreage  less  than  1,000. 

Pumpkins  are  usually  grown  with  sweet  corn  or  dent  corn  as  a  com- 
panion crop  and  no  estimated  acreage  is  available.  Most  of  this  crop 
is  raised  in  the  central  part  of  the  state,  in  that  region  where  sweet 
corn  is  raised  in  the  greatest  quantity,  and  is  used  to  lengthen  the 
canning  season  for  these  factories. 

Peppermint  is  confined  almost  wholly  to  the  deep  non-acid  mucks  of 
northern  Indiana.  The  oil  produced  is  the  valuable  part  of  the  crop 
and  it  often  brings  $10.00  per  pound.  The  acreage  varies  somewhat 
with  the  price  of  the  oil,  but  it  usually  averages  about  10,000  acres. 

The  areas  just  described  show  the  centers  of  heaviest  production  for 
the  various  vegetable  crops.  It  is,  however,  common  knowledge  that 
these  crops  are,  or  can  be  grown  in  many  other  places  in  commercial 
quantities.  For  example  cantaloupes  are  being  raised  with  success  and 
good  profit  in  Allen,  DeKalb,  Noble,  Tippecanoe  and  other  counties  and 
can  be  raised  equally  advantageously  in  the  sands  of  the  northwestern 
part  of  the  state.  Celery  is  being  grown  profitably  in  Tippecanoe  Coun- 
ty. Cabbage,  green  beans  and  other  crops  are  being  raised  everywhere 
in  the  state.  The  possibilities  of  the  vegetable  gardening  industry  are 
unlimited,  but  the  most  alluring  opportunities  lie  in  the  muck  soils  of 
the  northern  part  of  the  state.  Here  thousands  of  acres  lie  relatively 
undeveloped  and  at  the  threshold  of  the  world's  most  rapidly  developing 
industrial  region.  With  the  growth  of  population,  due  to  the  concen- 
tration of  industrial  workers,  this  region  will  be  called  upon  more  and 
more  to  furnish  food.  Railroads,  interurban  lines  and  good  roads,  lead- 
ing to  these  markets  have  already  been  established  and  all  is  now  ready 
for  the  vegetable  grower  to  develop  his  business. 
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GROWING  OUR  OWN  CRUDE  DRUGS. 


C.  J.  Zufall,  Purdue  University. 

A  few  years  ago  Prof.  W.  F.  Gidley,  of  the  Purdue  University 
School  of  Pharmacy,  started  a  garden  of  medicinal  plants  near  the 
University  in  West  Lafayette.  The  garden  has  steadily  grown  in  size 
because  of  the  number  of  different  plants  added  each  year  until  it  now 
occupies  two  full  size  lots,  a  portion  of  which  is  shaded  by  trees,  giving 
almost  ideal  conditions  for  the  shade-loving  plants. 

The  space  is  laid  off  in  plots,  five  by  twelve  feet,  on  each  of  which 
is  grown  a  single  plant.  Surrounding  each  plot  is  a  12-inch  foot-path 
which  enables  the  students  to  study  the  plants  at  close  range. 

The  garden  has  four  purposes,  and  it  is  difficult  to  state  which  of 
the  four  is  the  most  important.  One  is  to  enable  the  students  to  see, 
and  learn  to  know,  some  of  the  plants  which  supply  medicinal  products. 
It  is  always  interesting  to  hear  students  make  such  statements  as  "Well, 
I  didn't  know  that  drug  grew  that  way,"  or  to  hear  the  student  who  is 
just  entering  the  pharmacy  profession  remark,  "I  have  seen  this  plant 
growing  and  know  it  well,  but  I  never  heard  that  it  had  medicinal  value." 
The  instructor  then  feels  gratified,  because  he  knows  that  the  students 
are  really  learning  what  is  desired. 

The  instructor  takes  the  students  to  the  garden  in  small  groups,  and 
discusses  the  plants  from  various  viewpoints.  The  discussion  includes 
the  various  synonyms  of  the  plant,  the  part  used,  methods  of  prepara- 
tion for  market,  the  active  constituent,  the  natural  habitat  of  the  plant, 
and  its  therapeutic  action. 

Another  purpose  of  the  garden  is  to  supply  crude  drugs  for  mac- 
roscopic and  microscopic  studies  in  the  laboratory.  The  root,  stem,  leaf 
or  flower,  is  gathered  at  the  proper  time,  and  treated  as  if  it  were  going 
to  be  sold  to  a  manufacturer.  Members  of  the  class  assist  in  this  work, 
and  derive  considerable  experience  thereby.  The  material  is  dried  in 
a  special  drying  room  and  later  stored  in  proper  containers.  By  collect- 
ing our  own  drugs  we  can  prevent  crushing,  and  hence  secure  better 
material  for  study.  When  this  material  is  studied  in  the  laboratory  the 
student  compares  it  with  commercial  drugs  and  thereby  learns  to  know 
drugs  which  he  will  later  meet  in  actual  practice. 

A  third  purpose  is  to  supply  some  crude  drugs  to  the  Experimental 
Manufacturing  Laboratory,  where  they  are  ground  and  the  different 
preparations  made  from  them. 

The  other  use  made  of  the  garden  is  in  the  teaching  of  botany.  The 
many  families  represented,  the  various  methods  of  reproduction  shown, 
the  manner  of  growth,  and  other  characteristics  make  the  garden  of 
considerable  value  in  this  course.  The  peppermint  plant  shows  enough 
interesting  features  to  occupy  the  student's  thought  for  some  time.  The 
first  thought,  of  course,  is  that  of  the  flavoring  properties  of  the  plant. 
The  student  examines  the  leaves  and  stems,  and  learns  that  the  volatile 
oil  is  in  the  numerous  glandular  hairs  which  cover  the  plant. 
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His  attention  is  called  to  the  square  stems  which  characterize  the 
family  to  which  the  plant  belongs.  The  vegetative  reproduction,  brought 
about  by  certain  stems  growing  along  the  ground  and  taking  root,  is 
the  only  means  of  propagation  since  the  plant  is  a  hybrid  and  sterile. 

The  Cannabis  plants  are  of  interest  in  that  the  staminate  and  pistil- 
late flowers  grow  on  different  plants.  Shortly  after  the  pollen  ripens 
the  male  plant  stops  growing  and  soon  dies.  Its  work  has  been  com- 
pleted. The  female  plant  shows  a  decided  contrast  as  it  grows  much 
larger  and  lives  for  some  time  after  the  male  plant  has  died.  It  does 
this  in  order  to  supply  food  to  the  growing  seeds.  It  is  on  the  leaves  and 
tops  of  the  pistillate  plants  that  the  resin  is  produced  which  makes  the 
plant  of  value  as  a  drug.  Consequently,  only  the  pistillate  plants  may 
be  collected. 

The  castor  plant  is  characterized  by  having  staminate  and  pistillate 
flowers,  but  they  both  occur  on  the  same  individual. 

The  Irises,  which  supply  us  with  orris  root,  are  of  interest  because 
they  hide  their  stems  beneath  the  ground,  and  send  up  into  the  light 
only  the  leaves  and  flower-stalks.  Other  drug  plants  which  hide  their 
stems  beneath  the  ground  are  Hydrastis,  Sanguinaria,  Male  Fern,  Gin- 
ger,  Triticum   and   Rhubarb. 

Some  time  is  spent  in  the  study  of  the  shade-loving  plants  which 
include  Hydrastis,  Geranium,  Hepatica,  Podophyllum,  Trillium,  Asarum, 
Cimicifuga,  Cypripedium  and  Caulophyllum.  This  list  is  composed 
of  local  plants  of  pharmaceutical  interest  and  we  are  aiming  to  bring 
in  all  the  native  drug  plants  and  have  them  establish  themselves  here. 

In  the  spring  before  school  closes  for  the  summer  vacation,  the  stu- 
dents do  practically  all  the  work  that  is  done  in  the  garden,  such  as 
spading  the  beds,  planting  and  transplanting.  City  water  is  piped  to 
the  center  of  the  garden  so  that  the  seedlings  may  be  watered  after 
transplanting  and  other  plants  watered  in  dry  seasons. 

Experiments  in  plant-breeding  and  selection  have  been  started  with 
a  few  drug  plants.  The  purposes  of  these  experiments  are  to  increase 
the  active  constituents  and  to  develop  winter-resisting  strains  of  such  im- 
portant drugs  as  Belladonna,  Hyoscyamus  and  Digitalis.  Our  garden 
is  not  large  enough  to  grow  these  plants  on  a  commercial  scale  and,  until 
a  larger  plot  is  provided,  this  phase  will  not  be  attempted. 

Other  schools  of  pharmacy  maintain  medicinal  plant  gardens,  and  we 
have  cooperated  with  them  in  the  introduction  of  certain  species  into 
various  sections  of  the  country.  We  are  also  cooperating  with  the 
United  States  Department  of  Agriculture  in  introducing  certain  drug 
plants  from  abroad.  The  department  supplies  seeds  and  bulbs  and  they 
are  tried  out  to  determine  their  adaptiveness  to  our  soil  and  climate. 

The  following  is  a  list  of  the  drugs  which  we  have  now  growing  in 
our  garden:  Althaea,  Hepatica,  American  Spikenard,  Lappa,  Wild  Gin- 
ger, Asclepias,  Belladonna,  Calendula,  Cannabis,  Caulophyllum,  Chicory, 
Coriander,  Cypripedium,  Stramonium,  Digitalis  Boneset,  Fennel,  Wild 
geranium,  Hydrastis,  Hyoscyamus,  Inula,  Flaxseed,  Hoarhound,  Matri- 
caria, Mentha  citrata,  Peppermint,  Japanese  Peppermint,  Monarda  fistu- 
losa,  Opium  Poppy,  Anise,  Podophyllum,  Cascara,  Castor  bean,  Sage, 
Bloodroot,  Sassafras,  Mustard,  Tansy,  Taraxacum,  Trillium,  Malefern, 
Insect  Flowers,  Grindelia  and  three  species  of  Iris. 
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MICHIKOFF  WHEAT. 


A.  T.  Wiancko,  Purdue  University. 

The  application  of  science  to  the  creation  of  new  types  and  varieties 
of  plants  has  been  a  fruitful  field  of  service  to  agriculture.  Develop- 
ments along  this  line  have  been  of  far-reaching  economic  importance. 
Many  millions  of  dollars  annually  have  been  added  to  the  income  of 
farmers  by  the  use  of  varieties  of  crop  plants  adapted  to  particular  con- 
ditions by  scientific  methods  of  breeding.  The  plant  breeder  is  no  longer 
looked  upon  as  a  wizard.  He  is  simply  one  of  many  who  have  learned 
to  apply  science  in  their  particular  line  of  effort.  Plant  breeding  is  now 
a  practical  science.  By  segregation  and  recombination  of  genetic  factors 
in  plants,  the  scientific  plant  breeder  can  produce,  almost  at  will,  any 
desired  form.  He  is  limited  only  by  the  bewildering  mass  of  material  at 
hand  and  the  intricate  relations  of  plant  characters  to  environmental 
factors. 

A  noteworthy  contribution  to  the  list  of  valuable  varieties  of  wheat 
has  been  made  recently  by  the  Purdue  University  Agricultural  Experi- 
ment Station  in  the  production  of  Michikoff,  a  new  hard  red  winter 
wheat  adapted  to  the  climate  of  Indiana  and  capable  of  producing  a 
grain  equal  to  the  hard  wheats  of  Kansas  and  the  Northwest. 

Millers  and  bakers  who  have  given  Michikoff  a  thorough  trial  say 
that  it  is  fully  equal  to  the  standard  hard  red  winter  and  spring  wheats 
in  both  milling  and  baking  qualities.  Several  mills  are  now  regularly 
supplying  a  large  number  of  bakeries  with  Michikoff  flour.  The  advan- 
tage of  this  wheat  to  millers,  bakers  and  the  consumers  of  bread  lies 
in  the  saving  of  heavy  freight  charges  on  hard  wheats  or  hard  wheat 
flours  from  distant  parts  of  the  country.  Indiana  people  are  more  and 
more  demanding  bread  made  from  hard  wheat  flour.  Heretofore,  In- 
diana has  not  been  able  to  produce  hard  wheats  of  the  required  quality. 
Consequently  a  heavy  expense  has  been  incurred  in  transporting  hard 
wheat  or  hard  wheat  flour  into  the  state  and  a  corresponding  expense  in 
shipping  out  that  much  soft  wheat  that  is  not  wanted.  Of  course,  the 
consumer  pays  the  bill. 

Michikoff  wheat  (Purdue  No.  14C-5-3-5)  came  from  a  third  genera- 
tion selection  out  of  one  of  several  crosses  between  Michigan  Amber  and 
Malakoff,  the  latter  being  the  male  parent.  The  cross  was  made  in  1912 
and  the  final  selection  in  1915.  The  name  Michikoff  was  derived  by  com- 
bining the  first  five  letters  of  the  name  of  the  female  parent  with  the 
last  four  letters  of  the  name  of  the  male  parent.  Michikoff  does  not 
resemble  either  of  its  parents.  The  mature  plant  has  a  rather  short 
stiff  white  stem  and  a  short  fairly  compact  smooth  white-chaff  beardless 
head  which  droops  slightly  when  ripe.  The  kernel  is  short  and  plump, 
red  in  color,  and  quite  hard  and  glutinous.  It  is  excellent  in  winter 
hardiness  and  is  especially  well  adapted  to  the  loose  black  soils  but 
does  well  also  on  the  heavier  dark  colored  soils. 
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The  thing  that  makes  Michikoff  wheat  of  special  scientific  interest  is 
its  ability  to  maintain  its  original  hardness  and  high  quality  of  gluten 
in  this  part  of  the  country.  Heretofore  it  has  not  been  possible  in  In- 
diana, or  in  fact  anywhere  east  of  the  semi-arid  belt,  to  grow  hard  win- 
ter wheats  that  would  yield  a  flour  satisfactory  for  bread  making.  Ever 
since  the  establishment  of  hard  red  winter  wheats  in  the  United  States 
efforts  have  been  made  to  grow  them  outside  of  the  semi-arid  portions 
of  the  country  to  which  they  are  especially  adapted.     Their  winter  hardi- 


Michigan  Amber 
(Female  parent) 

Fig.   1.      Typical 


Michikoff  Malakoff 

(Male  parent) 
heads  and   kernels   of  Michikoff  wheat  and   its   parents. 


ness  particularly  attracted  the  attention  of  farmers  in  the  central  portion 
of  the  corn  belt,  especially  on  the  prairies,  where  the  common  winter 
wheats  were  not  found  to  be  sufficiently  winter  hardy.  So  far  as  winter 
hardiness  and  general  yielding  ability  are  concerned  they  have  met  the 
requirements  remarkably  well  but  the  quality  of  the  grain  has  not  been 
maintained.  In  Kansas  and  neighboring  semi-arid  country,  these  hard 
red  winter  wheats  produce  a  quality  of  grain  almost  equal  to  the  hard 
spring  wheats  of  the  Northwest  for  bread  making  purposes.  In  the  corn 
belt,  however,  the  more  humid  climate  seems  to  be  unfavorable  to  the 
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quality  of  hardness  in  these  wheats.  The  kernel  produced  is  much  softer 
in  texture  and  both  the  quantity  and  quality  of  the  gluten  are  inferior. 
As  a  result  it  has  been  generally  believed  that  hardness  in  these  wheats 
is  a  function  of  climate  and  that  the  humid  portions  of  the  country  never 
could  produce  a  good  quality  hard  wheat.  The  Michikoff  wheat  has 
upset  this  theory.  It  originated  as  a  hard  wheat,  adapted  to  this  climate 
at  the  beginning,  and  now  at  12  years  of  age  is  as  hard  as  ever.  Fur- 
thermore, it  meets  the  requirements  in  winter  hardiness  for  which  the 
Kansas  hard  wheats  have  been  introduced. 

Michikoff  was  first  distributed  to  a  few  farmers  in  1920  when  about 
100  bushels  of  seed  was  available.  The  resulting  crop  was  practically 
all  used  for  seed  in  1921  and  again  in  1922.  Last  year  considerable 
quantities  of  this  wheat  became  available  to  millers  and  commercial 
milling  and  baking  tests  were  made  with  such  satisfactory  results  that 
several  millers  began  paying  premiums  for  all  the  Michikoff  available. 
This  year  there  were  some  40,000  acres  of  this  wheat  harvested  and  an- 
other large  increase  in  acreage  was  seeded  this  fall. 

The  following  table  shows  how  Michikoff  compares  with  the  standard 
hard  and  soft  wheats  in  milling  and  baking  tests  made  on  wheats  of  the 
1923  crop.  Companion  samples  of  Michikoff  and  some  common  wheats 
were  secured  from  each  of  nine  different  sections  of  the  State  so  that  the 
tests  might  be  fairly  representative.  The  averages  only  are  shown  in 
the  table,  along  with  the  accepted  standards  for  soft  winter,  hard  winter 
and  spring  wheats. 


TABLE    1. 


COMPARISON    OF    MICHIKOFF    WITH    STANDARD    HARD    AND    SOFT 
WHEATS  IN  MILLING  AND  BAKING  QUALITIES. 


Kind  of  Wheat 

Absorp- 
tion 

07 
70 

Loaf 

volume, 

cc. 

Texture 

Color 

Dry 

gluten 

% 

61.3 

57.5 
55.9 
59.1 
60.0 

2173 
2021 
2050 
2160 
2200 

98.3 
97.0 
98.0 
99.0 
99.0 

cr.  white 
cr.  white 
cr.  white 
cr.  white 
cr.  white 

11  4 

Common  wheats,  av.  9  samples 

Soft  winter,  standard 

Hard  winter,  standard 

Spring  wheat,  standard 

9.3 
9.3 
10.7 
11.2 
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CABBACxE  DISEASES  IN  INDIANA. 


C.  T.  Gregory,  Purdue  University  Agricultural  Experiment  Station. 

The  earliest  available  records  of  cabbage  yellows  in  Indiana  come 
from  Indianapolis  in  1897  when  the  disease  appeared  in  the  market  gar- 
den of  Percy  Trost.  It  seems  probable  that  the  disease  was  brought  in 
with  manure  obtained  in  the  city.  It  is  possible  that  the  rubbish  from 
commission  houses  which  included  leaves  from  infected  heads  may  have 
been  the  source.  It  has  been  shown  too  that  plants  shipped  in  from 
other  places  have  also  been  responsible  for  the  introduction  of  the 
disease  at  other  places  in  the  state. 

Following  the  introduction  of  the  disease  in  1897,  it  spread  rather 
quickly  to  the  adjacent  gardens.  In  1900,  it  was  reported  at  three  other 
places  within  a  radius  of  one  mile  from  Trost's  farm.  Since  that  time  it 
has  spread  to  practically  every  garden  about  Indianapolis  and  has  be- 
come one  of  the  limiting  factors  in  cabbage  production.  There  is  no 
evidence  that  the  yellows  has  spread  throughout  Indiana  from  Indian- 
apolis, in  fact  it  is  probable  that  this  is  not  true.  However,  there  is  no 
more  widespread  and  destructive  disease  in  the  state  than  cabbage 
yellows. 

The  first  tests  of  the  yellows  resistant  varieties  were  made  by  the 
Horticultural  Department  in  1917,  using  the  Wisconsin  Brunswick  and 
the  Wisconsin  Hollander.  These  tests  were  made  at  four  widely  sepa- 
rated places  in  the  state  and  proved  the  resistant  qualities  and  value 
of  these  varieties.  In  1919,  demonstrations  of  Wisconsin  Hollander,  Wis- 
consin All-Seasons  and  Wisconsin  Succession  were  conducted.  These 
varieties  all  proved  to  be  resistant  and  valuable,  so  much  that  the  use 
of  these  resistant  varieties  has  spread  throughout  the  state.  Over  2,000 
farmers  and  gardeners  in  52  counties  are  using  these  varieties  regularly. 

At  Indianapolis,  Jacob  Goepper  has  developed  a  strain  of  the  Louis- 
ville Drumhead  variety  which  is  very  resistant  to  the  yellows.  His  land 
has  been  infested  with  the  disease  for  15  years  but  by  constant,  though 
unconscious,  selection  of  the  resistant  plants,  he  has  produced  a  strain  of 
cabbage  that  has  proved  to  be  most  acceptable  to  the  gardeners  of  the 
state.  It  has  been  tried  in  30  places  in  Indiana  and  in  each  case  it 
proved  its  resistance  to  the  disease  and  its  value  as  a  producer  of  mar- 
ketable heads.  The  Indiana  cabbage  is  a  meritorious  addition  to  the 
yellows  resistant  varieties. 

Another  serious  disease  that  has  caused  heavy  losses  at  times  is  the 
black  leg.  In  one  case  at  Indianapolis  an  entire  field  of  cabbage  was  com- 
pletely destroyed  by  this  disease.  In  Goepper's  fields  from  25  to  40  per 
cent  of  the  plants  have  been  destroyed  each  year.  Before  distributing 
the  seed  of  the  Indiana  cabbage  to  be  tested,  it  was  decided  that  it  must 
be  treated  to  kill  the  spores  of  the  black  leg  fungus,  Phoma  lingam.     Ac- 
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cording  to  Walker1  the  corrosive  sublimate  treatment  is  not  fully  ef- 
fective against  the  black  rot  and  black  leg  disease.  He  has  devised  a 
method  of  hot  water  treatment  which  he  claims  is  much  more  effective. 
We  treated  ten  pounds  of  Goepper's  Indiana  resistant  cabbage  by  the 
hot  water  method. 

The  seed  was  placed  in  a  cloth  bag  and  thoroughly  soaked  in  water 
for  a  short  time  to  facilitate  the  subsequent  treatment  in  the  hot  water, 
though  Walker  states  that  this  pre-soaking  is  not  necessary.  A  large 
vessel  of  water  is  heated  to  the  temperature  of  125°  F.  and  when  the 
cold  seed  was  placed  in  this  hot  water,  the  temperature  quickly  dropped 
to  about  122°  F.  By  the  addition  of  small  amounts  of  boiling  water  this 
temperature  was  easily  maintained  throughout  the  30  minutes  of  treat- 
ment. Immediately  after  the  expiration  of  this  time,  the  seed  was  im- 
mersed in  cold  water  and  spread  out  in  a  thin  layer  on  screens  to  dry. 
After  the  seed  had  become  thoroughly  dried  it  was  resacked  in  new 
clean  bags  for  storage. 

This  treatment  was  a  complete  success  both  as  to  its  effects  on  the 
seed  germination  and  as  to  the  control  of  the  black  leg.  Following 
Walker's  suggestion,  a  small  amount  of  the  seed  was  treated  in  the 
laboratory  to  determine  if  injury  would  result  from  the  treatment. 
Germination  tests  showed  very  little  injury  to  the  seed,  the  untreated 
seed  gave  from  90  to  92  per  cent  germination  and  the  treated  seed  about 
85  per  cent.  Goepper  used  this  cabbage  on  land  that  was  not  infested 
with  the  black  leg  and  also  on  land  where  the  disease  occurred  in  1923. 
On  the  uninfested  land  there  were  no  signs  of  black  leg,  showing  that 
the  disease  had  been  effectively  destroyed  on  the  seed.  The  plants  in 
the  infested  land  developed  about  25  per  cent  of  the  disease,  demon- 
strating that  the  fungus  had  remained  alive  in  the  soil.  In  no  case  has 
there  been  any  report  of  this  disease  from  other  gardeners  who  used 
this  seed. 

A  difficulty  that  has  been  experienced  by  Goepper  in  raising  his 
cabbage  seed  has  been  the  rotting  of  the  seed  stalks  during  the  spring 
and  summer.  At  times  this  has  been  so  serious  that  he  has  secured 
only  about  an  ounce  of  seed  from  200  cabbages  that  were  set  out  the 
previous  autumn.  All  but  one  or  two  stalks  having  been  rotted  off  be- 
fore the  seed  could  be  matured.  An  examination  of  these  rotting  stalks 
indicated  that  the  organisms  entered  through  the  leaf  scars  or  possibly 
through  injuries  to  the  stem  or  leaves.  Before  the  seed  heads  were 
transplanted  in  1923,  28  of  them  were  placed  head  down  so  that  the 
stem  and  leaves  could  be  thoroughly  sprayed  with  4-4-50  Bordeaux. 
There  were  69  heads  that  were  not  sprayed.  In  May  1924,  it  was  found 
that  in  the  unsprayed  plants  36  were  growing  vigorously  and  were  ap- 
parently healthy  and  33  were  dead  or  dying  as  a  result  of  the  rotting 
of  the  stalk.  Among  the  sprayed  plants  25  were  sound  and  three  were 
dying  or  missing.  On  July  11,  another  examination  showed  that  prac- 
tically all  the  unsprayed  plants  were  dead,  whereas  the  sprayed  plants 
were  still  healthy  and  were  producing  a  good  crop  of  seed.  Further 
tests  of  this  treatment  were  started  in  1924. 


1  J.    C   Walker.      The   hot  water   treatment   of   cabbage   seed.      Phytopath,    13 :251-253, 
1923. 
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THE  LOOSE  AND  STINKING  SMUTS  IN  INDIANA. 


C.  T.  Gregory,  Purdue  University  Agricultural  Experiment  Station. 

The  season  of  1924  was  exceptional  in  the  general  prevalence  of 
loose  smut  of  wheat  throughout  the  state.  In  the  northern  part  of  the 
state  where  this  disease  is  not  commonly  of  primary  importance,  much 
interest  and  some  alarm  was  aroused  among  the  farmers  because  of  the 
prevalence  of  the  disease.  There  is  no  question  but  that  the  losses  from 
loose  smut  in  1924  were  double  those  of  an  average  year.  The  behavior 
of  wheat  from  hot  water  treated  seed  was  of  particular  importance  and 
significance  under  these  conditions. 

In  Clinton  County  several  farmers  treated  their  wheat  with  hot 
water  in  1922  and  obtained  their  seed  from  these  fields  in  1923.  Ray 
GaskilPs  wheat  in  the  spring  of  1924  was  practically  free  from  the 
loose  smut,  while  certain  of  the  neighboring  fields  from  untreated  seed 
had  from  10  to  15  per  cent  of  loose  smut.  Chas.  Jarrell's  own  wheat 
had  only  a  trace  of  the  loose  smut,  whereas  wheat  that  he  had  purchased 
from  another  farmer  was  affected  with  three  to  four  per  cent  of  the 
disease.  Mathius  Keller,  a  farmer  in  Knox  County,  has  treated  small 
amounts  of  wheat  each  year  since  1919  and  has  planted  two  or  three 
acres  as  a  seed  plot.  In  1924  his  wheat  was  practically  free  from  smut, 
whereas  the  neighboring  fields  had  an  average  of  10  per  cent  of  loose 
smut.  These  and  many  other  cases  show  that  the  hot  water  treatment 
when  carried  out  on  a  comparatively  large  scale,  will  effectively  control 
the  loose  smut  and  maintain  the  wheat  relatively  free  from  the  disease 
for  several  years. 

The  relative  freedom  of  wheat  from  loose  smut  following  treatment 
by  hot  water  can  best  be  illustrated  by  following  certain  of  the  records 
of  certified  seed.  For  example,  let  us  follow  the  records  of  Michikoff  as 
it  was  distributed  from  Purdue  in  1920.  This  wheat  had  been  hot  water 
treated  and  was  practically  free  from  the  smuts.  In  1921  it  was  used 
by  five  farmers  and  also  on  the  Purdue  farms.  In  no  case  was  there 
more  than  a  trace  of  loose  smut.  In  1922  fifteen  farmers,  who  had  used 
this  untreated  seed  of  the  1921  crop,  reported  their  wheat  for  certifica- 
tion and  the  highest  amount  of  smut  found  was  but  .8  per  cent  in  one 
case.  The  other  fields  had  from  a  trace  to  .2  per  cent.  During  this 
year  none  of  the  wheat  was  treated  with  hot  water.  The  season  of  1923 
found  31  farmers  requesting  certification  and  of  this  number  20  had 
less  than  .5  per  cent  of  loose  smut  in  their  wheat.  Only  four  fields 
showed  more  than  one  per  cent  of  the  disease.  During  the  past  season 
(1924)  16  men  offered  their  wheat  for  certification  and  only  one  of 
them  had  more  than  .5  per  cent  of  loose  smut  in  it.  This  is  especially 
significant  since  1924  was  a  season  of  serious  infestation.  Similar  facts 
can  be  shown  in  certified  Michigan  Amber,  Rudy,  Poole  and  Fulz 
varieties. 
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During  this  period  of  five  years  the  hot  water  treatment  has  been 
used  in  two  cases  in  1923.  These  facts  show  that  wheat  seed  can  be 
maintained  relatively  free  from  smut  over  a  considerable  period.  How- 
ever, there  are  undeniable  cases  of  sudden  increases  in  the  amounts  of 
loose  smut  in  certified  wheat.  Last  season  (1924)  in  Vigo  County,  wheat 
raised  from  certified  seed  had  approximately  ten  per  cent  of  smut,  far 
more  than  developed  in  the  wheat  raised  locally.  It  has  been  determined, 
however,  that  this  seed  came  from  a  locality  where  the  hot  water  treat- 
ment is  not  used  extensively  and  where  the  loose  smut  was  also  serious 
last  season.  The  facts  available  indicate  that  in  order  to  maintain 
comparative  freedom  from  this  disease,  it  is  essential  that  wheat 
be  grown  in  smut- free  areas  or  at  least  in  relatively  isolated  fields. 

Some  peculiar  types  of  injury  have  resulted  in  hot  water  treated 
wheat  aside  from  the  actual  killing  of  seed  which  always  occurs  in  a 
certain  percentage  of  the  wheat.  In  no  case,  however,  can  these  in- 
juries be  said  to  be  the  fault  of  the  treatment.  They  merely  serve  to 
emphasize  certain  precautions  that  should  be  taken. 

In  Bartholomew  County,  in  1921,  the  treated  wheat  generally  was 
lower  grade  than  the  untreated  wheat,  the  grain  being  shriveled  and 
light.  A  study  of  the  situation  showed  that  the  treatment  of  the  wheat 
had  prolonged  its  period  of  growth  a  week  or  more.  During  the  critical 
period  when  the  grains  were  filling,  the  weather  became  unseasonably 
hot  and  dry  and  caught  the  treated  wheat  in  a  more  immature  condi- 
tion. The  premature  ripening  of  the  wheat  resulted  in  a  poorer  quality 
of  grain  which  was  most  evident  in  the  treated  wheat. 

In  another  case  the  autumn  was  exceptionally  dry  and  no  rain  oc- 
curred for  weeks  after  the  wheat  was  sown.  The  treated  seed,  being 
thoroughly  wet,  sprouted  in  the  dry  soil  and  quickly  died.  The  water 
needed  for  the  subsequent  development  of  the  seedling  was  totally  lack- 
ing. On  the  other  hand,  the  untreated  wheat  remained  dormant  and 
unharmed  in  the  dry  soil  until  the  fall  rains  started,  when  the  wheat 
wTas  able  to  make  a  good  growth.  This  illustrates  the  need  of  thorough 
drying  of  the  treated  wheat  under  conditions  like  these. 

Two  farmers  in  Marion  County  had  a  most  peculiar  experience  with 
treated  wheat  in  1922.  The  wheat  was  treated  on  October  5,  but  during 
the  wet  weather  it  could  not  be  sown  till  October  15.  The  weather 
remained  cold  and  wet  and  not  more  than  25  per  cent  of  the  treated 
wheat  sprouted.  This  wheat  was  examined,  a  considerable  amount  being- 
dug  up,  and  it  was  found  that  every  grain  was  heavily  covered  with 
molds  like  Penicillium  and  Aspergillus.  Many  seeds  had  sprouted  and 
died.  Apparently  the  low  temperature  had  checked  the  germination  of 
the  seed  but  the  development  of  the  molds  continued  unchecked  on  the 
soft  water-soaked  grain.  Untreated  grain  under  the  same  conditions 
grew  well. 

In  contrast  to  these  injuries  are  cases  of  apparent  harsh  treatment 
of  treated  wheat  which  has  not  caused  injury.  A  farmer  in  Fountain 
County  treated  wheat  in  1923  and  left  it  in  the  care  of  his  hired  man 
to  be  stirred  and  dried.  The  wheat  was  neglected  and  when  it  came 
time  to  sow  it,  the  layer  of  wheat  was  almost  a  solid  mat  of  sprouts.     In 
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order  to  get  the  seed  through  the  drill,  it  was  necessary  for  the  men  to 
tramp  on  the  matted  seed  sufficiently  to  separate  them.  This  seed  was 
planted,  the  resulting  crop  was  smut-free  and  yielded  29  bushels  per 
acre,  6  bushels  more  than  the  untreated  seed. 

For  the  past  two  years  (1923  and  1924)  the  stinking  smut  of  wheat 
has  been  especially  severe  throughout  Indiana.  In  1923,  the  smut  dust, 
created  about  a  threshing  machine  on  the  Poor  Farm  in  Henry  County, 
exploded.  Part  of  the  machine  was  blown  off  and  the  inside  was  charred 
by  the  fire  that  ensued.  Though  no  serious  damage  was  done,  this  inci- 
dent illustrates  one  type  of  loss  that  may  result  from  severe  infesta- 
tions of  stinking  smut.  Farmers  in  various  places  have  reported  that 
they  suffered  dockages  of  five  to  fifty  cents  a  bushel   at  the   elevators 


Fig.  1.  One  typo  of  treating  apparatus  used  to  mix  the  wheat  with  the  copper 
carbonate.  The  dust  is  sufficiently  poisonous  to  cause  sickness,  and  operators  should 
avoid  breathing-   it. 


owing  to  the  presence  of  this  disease.  In  a  few  instances  the  wheat 
was  absolutely  refused   and  had  to  be  used  as  chicken  feed. 

In  1923,  the  copper  carbonate  treatment  of  seed  was  first  intro- 
duced and  gained  immediate  popularity  among  the  farmers.  It  was 
recommended  that  three  ounces  of  copper  carbonate  be  used  per  bushel 
and  that  it  be  thoroughly  mixed  for  two  minutes  with  the  wheat  by 
shaking  or  revolving  the  grain  and  carbonate  in  a  closed  container. 

This  treatment  was  completely  successful  so  far  as  the  control  of 
smut  is  concerned.  An  example  of  its  efficiency  is  shown  in  one  report 
from  Shelby  County  where  one  farmer  treated  his  wheat  and  secured  a 
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clean  crop.  Another  man  used  the  same  wheat  but  did  not  treat  it  and 
harvested  wheat  that  was  so  infested  with  stinking  smut  that  the  grain 
dealers  would  not  accept  it. 

Many  types  of  apparatus  have  been  devised  by  the  farmers  for  this 
treatment.  Some  have  used  milk  cans  in  which  a  half  bushel  was 
shaken  up  with  the  carbonate  dust.  Others  have  built  box-like  containers 
having  an  axle  passing  through  the  center.  The  wheat  revolved  in 
such  an  apparatus  was  very  satisfactorily  treated.  Tight  barrels  with 
a  door  cut  in  one  side  were  also  used  in  the  same  way  (fig.  1).  One  of 
the  most  convenient  means  of  treatment  is  with  a  revolving  churn  in 
which  about  a  bushel  of  wheat  can  be  treated  at  one  time.  In  a  few 
cases  an  ordinary  barrel  type  of  concrete  mixer  has  been  used. 

A  number  of  farmers  have  not  realized  the  poisonous  nature  of  the 
copper  carbonate  dust  when  it  is  inhaled.  In  certain  cases  the  men  did 
not  do  the  treating  in  closed  containers  or  else  worked  in  a  closed  room 
so  that  they  breathed  the  dust  continually  for  an  hour  or  more.  These 
men  were  very  sick  for  a  short  time,  sufficiently  at  least  to  impress  on 
them  the  imperative  need  of  a  handkerchief  or  wet  sponge  over  their 
mouths  and  noses  tc  prevent  the  entrance  of  the  dust. 

Another  rather  peculiar  effect  of  the  copper  carbonate  that  does 
not  seem  to  have  been  noted  elsewhere  is  its  action  on  the  wheat.  In  a 
very  short  time  after  the  seed  is  coated  with  the  dust  it  seems  to  be- 
come hard  and,  when  handled,  feels  and  sounds  like  so  much  gravel. 
After  a  longer  time  this  characteristic  is  accentuated.  No  tests  have 
been  made  to  show  that  the  wheat  actually  does  become  harder  and  it 
may  be  that  this  is  just  an  illusion  resulting  from  the  friction  between 
the  dust-coated  surfaces.  It  is  known,  however,  that  this  treatment  has 
no  detrimental  effects  on  the  germination  so  far  as  can  be  judged  by  the 
stands  of  treated  and  untreated  seed. 

In  1924,  seven  farmers  reported  that  the  treated  wheat  caused 
breaking  of  their  drills.  In  some  cases  the  vertical  shaft  driving  the 
horizontal  shaft  to  which  the  forced  feed  wheels  are  attached,  was 
broken.  In  other  cases  the  teeth  of  the  cog  gears  were  so  worn  that  they 
would  slip,  preventing  the  operation  of  the  machine.  These  men  stated 
that  the  wheat  seemed  to  pack  in  the  drill  box  like  so  much  gravel.  It 
is  a  question  whether  this  trouble  is  due  to  the  friction  between  the 
seed  or  to  the  carbonate  dust  sifting  into  the  bearings.  The  former  idea 
seems  most  probable  and  that  the  trouble  is  in  some  way  connected  with 
the  peculiar  action  of  the  carbonate  on  the  wheat.  This  question  is 
being  further  investigated. 
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OBSERVATIONS  CONCERNING  THE  DISEASE 

SUSCEPTIBILITY  OF  CEREALS  AND 

WILD  GRASSES.1 

E.  B.  Mains,  Purdue  University  Agricultural  Experiment   Station. 

During-  the  past  two  years,  the  writer  has  observed  a  number  of 
cases  in  which  considerable  differences  were  apparent  as  to  the  degree 
to  which  various  varieties  of  the  cereals  or  species  of  wild  grasses  were 
diseased.  While  it  is  recognized  that  all  these  differences  may  not 
actually  denote  degrees  of  susceptibility  and  resistance,  possibly  being- 
due  to  differences  in  maturity,  or  initial  seed  infection,  yet  they  may  be 
of  importance  as  a  record  of  field  behavior  of  the  varieties  and  species 
and  may  be  of  interest  and  use  to  those  investigating  these  diseases, 
either  for  the  information  they  may  add  as  to  host  range  or  for  what- 
ever possibilities  of  resistance  they  may  suggest. 

Rust  and  Leaf  Spot  of  Oats.  In  the  spring  of  1923,  the  crown  rust 
of  oats,  Puccinia  coronata  Corda,  was  very  severe  on  the  varieties  grown 
by  the  Soils  and  Crops  Department  of  the  Purdue  University  Agricul- 
tural Experiment  Station  at  Lafayette,  Ind.  Table  1  gives  the  amount 
of  infection  of  each  variety  according  to  the  scale  used  by  the  Office  of 
Cereal  Investigations,  U.  S.  Department  of  Agriculture.  According  to 
these  notes  the  varieties  Iogren  and  Ohio  201  were  the  least  rusted 
while  Iowa  103,  Irish  Victor,  Miami  and  Cornellian  were  only  moderately 
rusted. 

In  the  spring  of  1924  but  little  crown  rust  of  oats  developed  in  the 
variety  plots.  However,  a  leaf  spot  due  to  a  species  of  Helminthosporium 
was  very  severe  especially  upon  some  varieties.  In  answer  to  an  in- 
quiry concerning  the  identity  of  this  species,  Dr.  A.  G.  Johnson  writes 
that  it  is  Helminthosporium  Avenae  Eidam  (see  Dreshler")  or  since  the 
status  of  that  name  is  somewhat  doubtful  it  should  perhaps  be  called 
Helminthosporium  Avenae-sativae  (Br.  &  Cav.)  Lindau.  Table  I  gives 
the  relative  amounr  of  infection  produced  by  this  disease.  The  varieties 
showing  the  least  infection  were  Minota  and  Minn.  358.  The  varieties 
showing  only  a  slight  amount  were  Silvermine,  Ohio  201,  Ohio  202,  Cor- 
nellian, Irish  Victor,  Kanota,  Fulghum,  White  Cross.  It  is  to  be  noted 
that  the  varieties  Ohio  201,  Cornellian,  Irish  Victor,  were  only  slightly 
or  moderately  infected  by  both  diseases. 

Ergot,  Claviceps  purpurea  Tul.  The  spring  and  early  summer  of 
1924  were  very  favorable  for  the  development  of  ergot  due  to  the  very 
wet  season.  In  connection  with  some  studies  of  rye  diseases,  sclerotia 
of  Claviceps  purpurea  from  rye  obtained  from  Prof.  J.  G.  Dickson  were 

1  Contribution  from  the  Botanical  Department,  Purdue  University  Agricultural  Ex- 
periment Station,   Lafayette,  Indiana. 

-  Dreshler,  Charles.  Some  Graminicolous  Species  of  Helminthosporium:  1.  Jour. 
Agr.   Res.   24:641-739.      1923. 

"Proc.  Ind.  Acad.  Sci.,  vol.  34,  1924    (1925)." 
19—30567 
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TABLE  I.  Amount  of  Crown  Rust  and  Leaf  Spot  on  Oat  Varieties  in  Plots  of 
Soils  and  Crops  Department,  Purdue  University  Agricultural  Experiment 
Station,  Lafayette,  Indiana. 


Variety 


Crown  Rust 
1923 


Leaf  Spot 
1924 


Swedish  Select. .  . 

Fairfield 

Fairfield 

Fairfield  yellow. . 
Fairfield  white. . . 
Gopher  Minn.  674 

Kherson 

Wisconsin  No.  7. . 

Iowa  103 

White  Cross 

Iowar 

Fulghum 

Kanota 

Idamine 

Wolverine 

C.  I.  2053 

Trotter 

Miami 

Irish  Victor 

Minn.  358 

Cornellian 

Ohio  201 

Ohio  202 

Wasa 

Victory 

Minota 

Iogren 

Silvermine 

Big  Four 


65—100 

75—100 

75—100 

75—100 

75—100 

75—100 

50—75 

75—100 

35—50 


50—65 

100  " 


50—65 
35—65 
35—65 

65—75 

35—50 

15—50 

50—75 

50—75 

50—65 

75—100 

15—35 

75—100 

75—100 


Fair-moderate 

Moderate-heavy 

Moderate 

Moderate-heavy 

Heavy 

Heavy 

Heavy 

Moderate 

Heavy 

Slight 

Fair 

Slight 

Slight 

Moderate 

Heavy 

Moderate-heavy 

Moderate 

Heavy 

Slight 

Trace 

Slight 

Slight 

Slight 

Fair 

Slight-Moderate 

Trace-Slight 

Fair-Moderate 

Slight 

Moderate 


B 


; 


Wrm  1 

mi  * 


-       : 

■'•V; 


■ 
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wintered.  This  was  done  by  shallowly  covering  the  freshly  collected 
sclerotia  with  sand  in  pots  and  placing  these,  buried  to  the  top,  in  soil 
out  of  doors  for  the  winter.  In  May  an  abundance  of  sporophores  de- 
veloped from  these  sclerotia,  (fig.  1).  The  pots  with  developing  sporo- 
phores were  placed  in  the  rye  nursery  and  a  heavy  infection  of  the  rye 
resulted,  being  favored  by  wet  weather  and  the  prolongation  of  the 
period  of  blossoming  of  the  rye. 

To  the  west  of  the  infected  rye,  there  was  situated  a  nursery  con- 
taining a  number  of  varieties  of  winter  and  spring  wheat  and  barley. 
Bordering  this  on  the  west  was  a  garden  containing  many  wild  grass 
species.     From  the  rye  the  ergot  infection  spread  into  these  nurseries. 


Fig.    2.      Claviceps   purpurea   on  various   hosts.     A.   Head   of   rye.     B.   Two   heads 
Yeoman  wheat.     C.  Head  of  Kitzing  bailey.     D.  Two  heads  of  Agropyron  cristatum. 


of 


While  occasional  sclerotia  were  found  in  many  varieties  of  wheat,  one 
especially  was  outstanding  in  its  susceptibility.  This  was  the  variety 
Yeoman  C.  I.  6223'  (fig.  2)  which  became  quite  heavily  infected.  The 
varieties  Wisconsin  Wonder  and  Warden  C.  I.  4994,  also  showed  con- 
siderable infection  although  not  to  the  same  extent  as  Yeoman. 

Among  the  barley  varieties,  Kitzing  C.  I.  189:!  (fig.  2)  and  Princess 
C.  I.  1428;!  showed  heavy  infection.  It  is  rather  unusual  for  wheat  and 
barley  to  show  infection  in  this  region.  The  durum  wheats  in  North 
Dakota  are,  however,  occasionally  very  severely  infected   (see  Weniger1). 

3  Variety    received    from    the    Office    of    Cereal    Investigations,    U.    S.    Department    of 
Agriculture,   and  bearing  the   accession   numbers  of  that  office. 

4  Weniger,   Wanda.      Ergot  and   Its   Control.      N.   D.   Agr.    Exp.    Sta.      Bull.    176.   1924. 
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In  the  grass  garden,  the  infection  upon  a  number  of  the  species  of 
wild  grasses  was  very  heavy.  The  species  of  grasses  showing  infection 
were  as  follows: 


Grasses  Heavily  Infected  by  Claviceps  purpurea. 

Dactylis  glomerata  L.  r',  6  Agropyron  inerme   (Schribn.  & 
Browius  marginatus  Nees.  *  Smith)   Rydb.  * 

Bromus  secalinus  L.  5  Agropyron  repens  (L.)  Beauw. 

Bromus  biennis  Leyss.  5*  Agropyron  Smithii  Rydb.  "',  6 

Agropyron  cristatum  Gaertn.  Hystrix  Hystrix   (L.)   Millsp.  5, 

(fig.  2.)  Elymus  condensatus  Presl.  5  * 


Moderately  Infected. 

Festuca  elatior  L.  5,  6  *  Elymus  virescens  Piper  * 

Poa  palustris  L.  *  '        Elymus  triticoides  Buckl. 

Agropyron  tenerum  Vasey  5,  6  * 


Slightly  Infected. 

Stipa  minor   (Vasey)    Schribn.  Poa  compressa  L.  5,  6  * 

Alopecurus  pratensis  L.  5,  fi  *  Elymus  virginicus  L.  5,  6 

Arrhenatherum  elatiiis   (L.)    Mert.  Phleiim  pratense  L.  5,  6 
&  Koch.  3  * 

Prof.  A.  S.  Hitchcock  kindly  identified  a  number  of  the  species  con- 
cerning which  there  was  some  doubt  as  to  the  identity.  These  are 
designated  by  an  asterisk  (*). 

Apparently  a  number  of  these  species  (those  not  marked  5  or  6) 
have  not  been  noted  previously  as  hosts  for  this  disease. 

A  collection  of  sand  beach  grass,  heavily  infected  by  ergot,  made 
by  Dr.  M.  W.  Gardner  at  Marquette,  Michigan,  was  identified  by  Prof. 
A.  S.  Hitchcock  as  Ammophila  breviligulata  Fernald  and  apparently  this 
is  also  a  new  host  for  this  disease. 

A  number  of  species  as  listed  below  showed  no  infection.  These  in- 
clude several  species  which  are  known  to  be  hosts.  Apparently  these 
escaped  due  probably  to  blossoming  late  during  a  period  of  very  dry 
weather.  In  consequence  the  lack  of  infection  in  these  speceis  is  not 
necessarily  resistance,  in  some  cases  at  least  being  due  to  escaping  the 
disease. 


5  Listed  as  hosts  for  Claviceps  purpurea  in  tho  compilation  made  by  Atanasoff, 
Ergot  of  Grains  and  Grasses.  Mimeographed  and  distributed  by  the  Office  of  Cereal 
Investigations,    U.    S.    Department   of   Agriculture,    1920. 

6  Listed  as   occurring  in   North   Dakota  by  Miss   Weniger    (I.   c.   4). 
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Not  Infected. 

Andropogon  scoparius  Michx.  Festuca  capillata  Lam. 

Tripsacum  dactyloides  L.  Festuca  rubra  L.  3 

Sorghastrum  nutans   (L.)   Nash.  Festuca  ovina  L. 

Oryzopsis  miliacea  Benth.  &  Hook.  Hordeum  jubatum  L.  5,  6 

Muhlenbergia  Schreberi  J.  F.  Gmel.  Hordeum  pusillum  Nutt 

Muhlenbergia    racemosa     (Michx.)  Elymus  striatus  Willd.  5,  " 

B#  S#  p.  Elymus  canadensis  L.  6 

Sporobolus  asper  (Michx.)  Kunth.  Elymus  robustus  Schribn.  &  J.   G. 
Agrostis  alba  L.  6  Sm.  5,  c 

Agrostis  oregonensis  Vasey.  Elymus  glaucus  jepsoni  Davy 

Agrostis  palustris  Huds.  Bouteloua  oligastachys  Torr. 

Agrostic  perennans  (Walt.)  Bulbilis  dactyloides  (Nutt.)  Raf. 

Tuckerm.  Agrostis     alba    maritima     (Lam.) 

Meyer 

Wheat  Scab.  In  the  spring  of  1924,  considerable  difference  in  sus- 
ceptibility to  scab  were  noted  among  the  spring  wheat  varieties  planted 
for  a  study  of  leaf  rust  susceptibility.  These  were  planted  in  ten-foot 
rows  with  the  rows  about  10  inches  apart.  The  varieties  may  be  grouped 
as  follows  according  to  the  amount  of  scab: 

Very  heavy :— Marquis,  Sbei  C.  I.  4588",  unnamed  varieties  with 
Office  of  Cereal  Investigation  numbers  3142,  3747,  3756. 

Heavy:— Yaraslov  C.  I.  1526,  Peliss  C.  I.  1584,  Acme  S.  D.  284, 
Arnautka  C.  I.  1493,  Arnautka  C.  I.  1494,  Arnautka  Minn.  337,  Polish  C. 
I.  3007,  Polish  C.  I.  5524,  Velvet  Don  C.  I.  1445,  Marouani  C.  I.  1593, 
Kubanka  C.  I.  1440,  Kubanka  C.  I.  2094,  Kahla  C.  I.  5529,  Bidi  C.  I. 
3811,  Blanco  C.  I.  2192,  Indian  Runner  C.  I.  5136,  Erivan  C.  I.  2397,  un- 
named Office  of  Cereal  Investigations  numbers  3779,  3778,  3769. 

Moderate:— Iumillio,  Buford  C.  I.  5295,  Madona  C.  I.  2448,  Warden 
C.  I.  4994,  Chul  C.  I.  2227,  Office  of  Cereal  Investigations  numbers  3739, 
3210,  3774,  3780,  4131. 

Fair  amount:— Monad  C.  I.  3320,  Mindum  C.  I.  5296. 

Trace  or  Slight:— Norka  C.  I.  4377,  Khapli  C.  I.  4013,  Emmer  S.  D. 
283,  Common  Emmer,  Bearded  Spelt  C.  I.  1774,  Dixon  C.  I.  6295,  Dixon 
C.  I.  6049,  Einkorn  C.  I.  2433,  Vernal  Emmer  C.  I.  1524,  Yeoman  C.  I. 
6223,  Blount's  Lambrigg  C.  I.  5021,  Glaicia  C.  I.  2463,  Pved  Resaca  C.  I. 
6391,  Huron  C.  I.  2315,  unnamed  Office  of  Cereal  Investigations  numbers 
5100,  5490,  3258. 

The  two  varieties  Norka  C.  I.  4377  and  unnamed  C.  I.  3756  were 
grown  in  adjacent  rows  in  the  nursery  and  their  difference  in  amount 
of  infection  was  very  pronounced.  Prof.  J.  G.  Dickson7  informs  me, 
however,  that  the  results  of  their  inoculations  do  not  show  such  marked 
differences  both  being  more  or  less  susceptible,  Norka,  however,  being- 
less  infected.  He  states,  however,  that  ideal  conditions  were  given  for 
infection,  conidial  suspensions  being  sprayed  into  the  glumes  during 
flowering  or  immediately  past  flowering.  The  above  notes  cannot  there- 
fore be  considered  as  indicating  the  susceptibility  of  these  varieties  under 

7  Data  furnished   in  letter  of  Oct.   20,   1924,   with   permission  to  quote. 
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the  most  favorable  conditions  for  infection.  They,  however,  may  be  of 
value  when  taken  with  additional  data  in  throwing  light  on  the  field 
action  of  varieties  to  this  disease. 

Marasmius  on  Festuca.  In  1923  several  clumps  of  Festuca  capillata 
Lam.  in  the  wild  grass  garden  started  to  die.  The  dead  areas  in  each 
clump  increased  during  the  summer  until  nearly  all  of  the  clump  was 
dead.  From  the  dead  and  dying  grass  stems  and  leaves  there  developed 
fruiting  bodies  of  an  agaric   (fig.  3)   which  appeared  to  be  a  species  of 


Fig.    3.      Sporophores    of   Marasmius    arising    from   dead   and   dying   culms    and   leaves 
of   Festuca  capillata. 


Marasmius.  Dr.  C.  H.  Kauffman  to  whom  specimens  were  submitted 
states  that  it  is  nearest  to  Marasmius  instititious  Fr.  Tehons  has  re- 
ported finding  a  Marasmius  parasitizing  wheat.  It  therefore  appears 
that,  while  species  of  this  genus  commonly  develop  on  dead  plant  parts, 
apparently  they  may  occasionally  attack  and  kill  living  plants. 

Southern  Corn  Root  Worm.  In  connection  with  studies  of  corn  rust, 
a  nursery  consisting  of  approximately  250  three-  to  five-year  selfs  of 
the  sweet  corn  varieties  Country   Gentleman,  Golden   Rod,   Golden   Ban- 


Tehon,    L.   R.      Marasmius   on   Wheat.      Mycologia   16:1:52-133.      1924. 
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tarn,  StowelFs  Evergreen,  Early  Evergreen,  Narrow  Grained  Evergreen, 
Howling  Mob,  and  field  corn  varieties  Silver  King,  Golden  Glow  and 
Early  Yellow  Dent  was  planted  at  Lafayette,  Indiana,  in  the  spring  of 
1924.  This  planting  became  badly  infested  with  a  root  worm  which 
Prof.  J.  J.  Davis  of  the  Entomology  Department  identified  as  the 
Southern  Corn  Root  Worm,  Diabrotica  12-punctata  Oliv. 

These  strains  of  corn  for  the  most  part  were  not  especially  vigorous 
on  account  of  having  been  repeatedly  selfed.  The  action  of  the  corn 
root  worm  in  consequence  was  much  more  noticeable  than  in  open  pol- 
linated varieties  nearby.  Plants  attacked  by  the  worm  were  also  in- 
vaded by  root-rotting  fungi  which  helped  to  complete  the  destruction  of 
the  root  system.  In  addition  a  period  of  very  dry  weather  occurred. 
Those  strains  of  corn  which  were  the  most  severely  attacked  showed  the 
results  first  and  in  a  more  pronounced  manner  by  the  rolling  of  their 
leaves.  In  examining  the  varieties,  the  ease  with  which  the  plants  could 
be  pulled  was  also  correlated  with  the  destruction  of  the  root  system 
resulting  from  the  worm. 

The  effect  of  the  worm  on  the  sweet  corn  selfs  was  the  most  severe. 
Most  of  these  were  so  severely  injured  that  they  became  stunted  and 
many  died  during  the  dry  weather.  Several  selfed  strains  each  of 
Golden  Bantam,  Golden  Pod,  Early  Evergreen,  Narrow  Grained  Ever- 
green and  Howling  Mob,  while  fairly  heavily  infested,  appeared  better 
able  to  stand  the  attack.  These  threw  out  secondary  roots  and  were 
recovering  to  some  extent  when  their  development  was  again  checked  by 
drought.  The  selfed  lines  of  the  field  corn  varieties  appeared  in  general 
better  able  to  stand  the  attack  although  some  of  these  were  as  badly 
affected  as  the  sweet  corns.  A  few  lines  of  Golden  Glow  and  Early  Yel- 
low Dent  were  outstanding  in  that  they  showed  little  or  no  attack  by  the 
worm.  Adjoining  strains  showed  heavy  infestation.  On  account  of  the 
heavy  infestation  which  so  generally  occurred  throughout  the  plot,  it 
would  appear  rather  unlikely  that  these  few  uninfested  strains  had  not 
been  exposed  to  infestation  and  it  therefore  seems  probable  that  these 
few  lines  were  actually  resistant  to  infestation  by  the  worm. 

While  these  observations  do  not  by  any  means  conclusively  prove 
that  resistance  to  southern  root  worm  exists,  yet  they  are  suggestive 
that  such  may  occur.  Only  by  close  study  in  localities  where  this  insect 
is  commonly  severe  could  this  be  decided. 

NOTE:" 

Since  writing  this  paper  P.  A.  Young  has  described  this  Marasmius 
on  wheat  as  a  new  species,  M  triiici.  (Phytopath.  15:115-118.  1925.) 
A  comparison  of  the  collections  on  Festuca  and  wheat  indicates  that  the 
two  are  different  species. 
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INDIANA  PLANT  DISEASES,  1923.1 


Max  W.  Gardner,  Purdue  University  Agricultural  Experiment  Station 

This  is  the  fifth  of  a  series  of  annual  summaries^  of  the  plant  dis- 
ease situation  in  Indiana  and  is  based  upon  a  report  prepared  for  the 
Federal  Plant  Disease  Survey  Office. 


WEATHER   CONDITIONS 

The  general  features  of  the  weather  during  the  growing  season  may 
be  noted  by  reference  to  figure  1  in  which  the  departures  from  normal 
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Fig.  1.  Departures  from  normal  temperature  and  precipitation,  1923,  based  upon 
monthly  averages  supplied  by  J.  H.  Armington  in  the  Indiana  Section  of  "Climatologicai 
Data." 


1  Contribution  from  the  Botanical  Department  of  Purdue  University  Agricultural  Ex- 
periment  Station,    LaFayette,   Ind. 

2  The  writer  wishes  to  acknowledge  the  co-operation  of  H.  S.  Jackson,  E.  B.  Mains, 
G.  N.  Hoffer,  J.  B.  Kendrick,  C.  T.  Gregory,  F.  P.  Cullinan,  Laurenz  Greene,  C.  L. 
Burkholder,   F.  C.  Gaylord,  H.  H.  Swaim,  C.   E.  Baker,   H.  D.  Brown,  and  E.  J.   Kohl. 

3  Gardner,  Max  W.  Indiana  plant  diseases,  1919.  Proc.  Ind.  Acad.  Sci.  1919  :135-156. 
1921.  Indiana  plant  diseases,  1920.  Same,  1.950:187-208.  1921.  Indiana  plant  diseases, 
1921.  Same,  102.2:163-201.  1924.  Indiana  plant  diseases,  1922.  Same,  1555:202-211. 
1924. 
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temperatures  and  precipitation  are  plotted.  The  salient  features  are  the 
cool  weather  of  March,  April,  and  May,  the  high,  rainfall  in  May,  and 
the  hot  dry  June  followed  by  a  cool  July  and  a  cool  very  wet  August. 
The  cool  wet  May  greatly  favored  apple  blotch  and  fireblight  and  crown 
rust  of  oats.  The  wet  weather  in  August  increased  the  severity  of  to- 
mato leaf  spot,  apple  bitter  rot,  and  brown  rot  of  stone  fruits.  The 
cool  July  and  August  lessened  the  severity  of  the  Fusarium  wilt  and 
yellows  diseases. 

diseases  arranged  alphabetically  by  hosts. 

Alfalfa:  Leaf  spot  due  to  Pseudopeziza  medicaginis  was  severe  and 
more  or  less  co-existent  with  its  host.  Mains  found  the  leaf  blotch  due  to 
Pyrenopeziza  medicaginis  and  reported  rust  (Uromyces  medicaginis)  less 
prevalent  than  usual.  A  root  rot  characterized  by  the  blighting  of  the 
tops  in  circular  areas  in  the  field  and  the  presence  of  black  lesions  on 
runners  and  roots  was  noted  in  June  in  Marshall  County.  In  October 
another  type  of  root  rot  characterized  by  black,  scabby,  elevated,  ellipti- 
cal lesions  on  the  root  cortex  occurred  in  Laporte  County. 

Apple:  Blotch',  caused  by  Phyllosticta  solitaria,  was  worse  than 
usual,  due  probably  to  the  high  rainfall  in  May.  Fruit  infection  was 
noted  as  early  as  June  7  on  Ben  Davis  in  Orange  County,  and  petiole 
infection  was  observed  June  11  at  Lafayette.  Considerable  fruit  in- 
fection occurred  on  Grimes  and  Jonathan  in  the  vicinity  of  blotch  car- 
riers. The  2-,  4-,  and  6-weeks  spray  schedule  failed  to  prevent  early 
fruit  infection  in  southern  Indiana,  especially  on  Rome,  and  the  addi- 
tion of  an  earlier  spray  seems  advisable  in  that  region.  Cankers  were 
noted  on  Grimes,  Winter  Maiden  Blush,  and  Fallawater  and  fruit  in- 
fection was  noted  on  FallaAvater,  Red  June,  Oliver,  Doctor  Mathews,  Tur- 
ley,  Clayton,  White  Pippin,  Siberian  crab,  Fameuse,  Gideon,  Arkansas, 
Salome,  Winter  Banana,  and  Ralls.  A  trace  of  leaf  infection  was  noted 
on  Jonathan.  Blotch  was  reported  on  the  Mann  variety  in  Fulton 
County,  and  was  found  on  a  few  Mann  and  Oldenburg  trees  in  Miami 
County.  In  a  young  orchard  in  Miami  County  a  careful  search  revealed 
blotch  cankers  of  nursery  origin  on  only  one  tree.  In  a  shipment  of 
nursery  trees  of  susceptible  varieties,  cankers  were  found  on  four  of  the 
ten.  Ben  Davis,  four  of  the  five  Rome,  and  three  of  the  ten  Oldenburg 
trees.  The  presence  of  the  blotch  fungus  in  the  outer  scales  of  terminal 
buds  taken  from  badly  diseased  Oldenburg  trees  at  Mitchell  in  October 
was  proved  in  the  case  of  four  out  of  22  buds  by  tissue  cultures  in  agar 
plates. 

Scab,  caused  by  Veniuria  inaequalis,  was  less  severe  than  usual 
owing  probably  to  the  low  rainfall  in  April.  Under  Indiana  conditions, 
Cullinan  and  Baker'  have  found  that  the  pre-pink  spray  is  necessary  for 
scab  control,  in  addition  to  the  pink,  petal-fall,  and  2-weeks  sprays,  and 
that  sulfur  dust  is  unreliable.     In   Indiana,  scab  is  particularly  severe 

1  Gardner,  Max  W.  Apple  blotch  in  Indiana.  Trans.  Ind.  State  Hort.  Soc.  60 
(192:;)  :71-80.      1924. 

•r' Cullinan,  F.  P.,  and  Baker.  Clarence  E.  Lime  sulfur  sprays  versus  sulfur  dusts 
lor  apples.     Purdue  Univ.   Agr.   Exp.   Sta.   Bui.   283:1-22.     1924. 
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on  Delicious,  Winter  Banana,  Ben  Davis,  Fameuse,  Red  June,  Heme,  and 
Moyer,  while  York,  Grimes,  and  Transparent  show  considerable  resist- 
ance. Pin-head  fruit  lesions  were  found  on  June  4  on  Jonathan  and 
Grimes  in  Clark  County,  on  June  8  on  Northwestern  in  Fountain. 
County,  and  on  Delicious  in  Brown  County  on  June  19.  Owing  possibly 
to  the  cool  wet  August  there  was  considerable  late  fruit  infection,  much 
of  which  developed  in  storage  in  the  shape  of  jet-black  lesions  or  jet- 
black  extensions  from  field  lesions. 

Black  rot,  caused  by  Phi/salospora  mcUorimi,  was  worse  than  usual 
this  year,  particularly  in  its  frogeye  leaf  spot  phase.  The  latter  was 
first  noted  June  1  in  Montgomery  County  and  there  was  little  evidence 
this  season  that  the  scab  and  blotch  sprays  control  this  disease.  Much 
of  the  shot-hole  effect  was  noted.  The  Delicious  variety  showed  some  de- 
gree of  resistance  tc  frogeye  spot.  Zonated,  calyx-end,  fruit  lesions  on 
Ben  Davis  were  noted  in  Gibson  County  on  July  25.  Black  rot  was 
serious  on  Rome  fruit  on  the  trees  in  Orange  County  as  a  secondary 
invader  of  cracked  blotch  lesions.  Mummies  were  noted  on  Neverfail 
trees  in  October.  Black  rot  cankers  following  rust  lesions  on  1922 
twigs  of  Rome  were  noted  in  Orange  County.  In  general  black  rot  can- 
ker is  not  a  serious  problem  except  in  old,  neglected  orchards.  As  a 
rule  the  cankers  remain  more  or  less  superficial  and  do  not  penetrate 
to  the  cambium. 

The  outstanding  apple  disease  of  the  season  was  the  severe  epiphy- 
totic  of  fireblight  (due  to  Bacillus  amylovorus) ,  the  worst  that  had  oc- 
curred in  a  number  of  years.  It  is  probable  that  the  high  rainfall  of 
May  bore  some  causative  relationship  to  this  outbreak.  There  appeared 
to  be  two  waves  of  infection,  one  of  blossom  blight  in  late  May  and  a 
more  serious  outbreak  of  twig  blight  early  in  June.  The  disease  was 
worse  in  the  southern  two-thirds  of  the  state  and  was  recorded  from  18 
counties.  In  a  large  orchard  in  Franklin  County,  in  which  the  disease 
has  been  present  to  a  certain  extent  every  season,  old  cankers  were 
found  in  only  one  tree,  an  isolated  Esopus.  This  tree  has  very  likely 
served  as  a  perennial  source  of  infection.  In  certain  other  orchards, 
near-by  pear  trees  served  as  sources  of  primary  infection. 

Observations  upon  varietal  susceptibility  in  orchards  of  mixed  va- 
rieties were  made  with  the  assistance  of  Mr.  Cullinan.  In  general  it 
may  be  said  that  Jonathan  suffered  severely,  as  did  also  Esopus  and 
young  Maiden  Blush.  The  disease  was  somewhat  less  serious  on  Rome, 
Transparent,  King,  Vandevere,  Wealthy  and  Rambo,  and  occurred  to  a 
considerable  extent  on  Northern  Spy,  Early  Harvest,  Winesap,  Stay- 
man,  Indian,  Black  Twig,  York  and  Stark.  Very  light  infection  was 
noted  on  Oldenburg,  Akin,  Russett,  Ben  Davis,  Baldwin,  Astrachan, 
Wolf  River,  and  Delicious.  Grimes  showed  very  little  twig  blight  but 
suffered  considerably  from  blossom  blight.  In  a  block  of  young  Olden- 
burg trees  which  were  badly  blighted  in  1922,  very  little  occurred  this 
year.  The  occurrence  of  blight  in  this  block  seems  to  be  correlated  with 
the  seasons  in  which  there  is  bloom  in  a  large  pear  orchard  about  one 
mile  distant  and  this  year  there  was  no  bloom  in  this  pear  orchard.  Of 
the  important  commercial  varieties,  Delicious  showed  marked  resistance 
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to  twig-  blight,  Grimes  somewhat  less,  Winesap  and  Stayman  less  than 
Grimes,  Ben  Davis  and  Oldenburg  still  less,  while  Rome  and  Transparent 
proved  rather  susceptible. 

Because,  no  doubt,  of  the  high  rainfall  in  August,  bitter  rot,  caused 
by  Glomerella  cingulata,  was  destructive  locally  in  southern  Indiana.  In 
one  large  orchard  in  Warrick  County  in  which  the  disease  was  severe  in 
1922,  it  was  worse  this  year  and  appeared  a  month  sooner  (June  26) 
even  though  Bordeaux  sprays  were  applied.  This  orchard  was  visited 
on  July  25  and  it  was  found  that  the  disease  was  most  severe  on  Collins, 
especially  on  trees  with  limbs  killed  by  the  San  Jose  scale  and  under 
mummied  1922  fruits  that  remained  hanging  in  the  trees.  Grimes  was 
less  severely  infected.  Late  in  August  a  scattered  infection  of  bitter 
rot  occurred  in  a  well-cared-for  orchard  in  Knox  County.  Usually 
there  was  only  one  lesion  on  each  fruit  and  no  mummies  nor  cankers 
could  be  found.  The  infection  occurred  on  Winesap,  Jonathan,  and 
Grimes.  Considerable  scale-killed  wood  had  been  removed  from  this 
orchard  the  previous  winter  and  piled  in  a  gully  near  the  section  in 
which  bitter  rot  occurred.  It  is  suspected  that  this  outbreak  was  due  to 
wind-borne  ascospores  of  the  fungus,  since  the  organism  was  found  to 
produce  ascospores  readily  in  culture  on  agar  and  on  apple  twigs.  Scat- 
tered infection  was  also  found  on  four  unsprayed  Grimes  trees  in  a  large 
orchard  in  Orange  County.  This  variety,  because  of  its  susceptibility 
to  spray  injury,  and  the  consequent  tendency  for  growers  to  omit  the 
fungicidal  sprays,  presents  a  real  problem  in  a  bitter  rot  epiphytotic. 
The  disease  also  occurred  in  Brown  and  Franklin  counties.  A  suspicion, 
perhaps  not  any  too  well  founded,  is  felt  that  the  bitter  rot  fungus  may 
establish  itself  in  wood  killed  by  San  Jose  scale  and  spread  thence  to  the 
fruit  the  next  wet  season. 

Bust  (Gymnosporangium  juniperi-virginianae)  was  much  less  severe 
than  in  1922  and  was  noted  on  Vandevere,  Jonathan,  Rome,  and  Wealthy 
foliage.     Very  little  fruit  infection  was  found. 

Blister  canker,  caused  by  Nummularia  discreta,  was  reported  from 
six  counties.  While  Ben  Davis  is  its  usual  host,  Gregory  found  it  on 
Transparent.  One  orchardist  in  Miami  County  has  succeeded  in  elimi- 
nating the  disease  from  an  orchard  of  Grimes  and  Ben  Davis  by  drastic 
cutting-out  methods. 

Sooty  blotch  (Phyllachora  pomigena)  was  extremely  severe  this  year, 
due  apparently  to  the  rains  in  September,  and  was  a  very  objectionable 
blemish  on  light  varieties  such  as  Grimes  where  careful  grading  was 
practiced.  In  Orange  County  this  disease  appeared  the  last  week  in 
September  and  was  worst  on  shaded  limbs  and  north  slopes.  It  was 
especially  bad  on  limbs  shaded  by  vines  such  as  Ampelopsis.  One  speci- 
men of  the  fly  speck  fungus  on  an  apple  twig  was  sent  in  from  Franklin 
County. 

Another  result  of  the  wet  summer  was  the  occurrence  of  Phytoph- 
thora  rot  in  the  same  localities  in  Tippecanoe  and  Miami  counties  where 
it  occurred  in  1921.  At  Lafayette,  the  three  Grimes  trees  in  a  low  spot 
that  were  affected  in  1921  were  again  affected  this  year. 

Brown  rot  (Sclerotinia  sp.)  occurred  on  apples  shipped  from  Orange 
Co.    and    spongy    dry    rot,    caused    by    Volutclla    fructi,    occurred    on 
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Wealthy  near  Lafayette.  Core  mold'',  usually  an  Alternaria  sp.,  was 
found  rather  commonly  in  Delicious,  Stayman,  and  Winesap,  and  was 
usually  attributable  to  a  short,  open,  calyx  tube.  Alternaria  spots  cen- 
tered around  lenticels  were  found  in  stored  fruit  (Ralls). 

Among  the  non-parasitic  diseases,  bitter  pit  was  much  worse  than 
usual  this  year,  especially  on  Grimes  and  Stark,  and  was  noted  on 
Moyer,  Baldwin,  Esopus,  Stayman,  and  Mcintosh.  On  Grimes  the 
lesions  were  frequently  so  near  the  skin  as  to  produce  a  brown,  necrotic, 
surface  spot.  Jonathan  spot  occurred  on  Jonathan,  and  occasionally  on 
Grimes  and  Rome.  Brown  bark  spot  was  sent  in  from  Spencer  Co. 
Bordeaux  russet  occurred  on  Ben  Davis  sprayed  for  blotch  and  Grimes 
and  Collins  sprayed  for  bitter  rot.  Frost  bands  were  noted  on 
Delicious  in  Franklin  Co.  Storage  scald  occurred  on  Grimes.  On  badly 
scalded  R.  I.  Greenings  it  was  noted  that  definite  zones  around  bitter 
pit  lesions  and  around  wounds  remained  free  from  the  discoloration. 
In  storage  tests,  Baker7  found  that  shredded  paraffin  paper  scattered 
through  the  barrel  gave  a  good  control  of  scald  in  Grimes. 

Barley:  Gregory  noted  loose  smut,  covered  smut,  leaf  rust,  and 
stripe  (Hehninthosporium  gramineum)  in  Harrison  Co.  and  reported 
that  loose  smut  caused  losses  of  12  to  47  per  cent  where  untreated  seed 
was  used. 

Bean:  Blight,  caused  by  Bact.  phaseoli,  was  not  as  serious  as 
usual.  In  a  plot  of  59  varieties  planted  late,  Golden-eye  Wax,  White 
Dutch  Runner  (Phaseolus  coccineus,  var.  albus)  and  Scarlet  Runner 
{P.  coccineus  L.)  escaped  infection  and  only  a  trace  occurred  on  Lazy 
Wife,  Horticultural  Cranberry,  and  Rustless  Golden  Wax.  Infection 
occurred  on  White  Dutch  Case-knife,  a  variety  of  P.  vulgaris  erroneously 
cited  as  P.  multiflorus  in  the  1921  report  (p.  172).  Bacterial  blight  in- 
fection was  also  found  on  the  native  weed,  trailing  wild  bean  (Strophos- 
tyies  helvola) ,  at  Lafayette.* 

Mosaic,  mostly  of  seed  origin,  was  noted  in  38  of  the  59  varieties 
above  mentioned.  Of  the  bean  varieties  escaping  infection  in  1921  and 
1922,  Black  Valentine  showed  eight  per  cent  mosaic  while  WardwelFs 
Kidney  Wax  remained  free  from  mosaic.  Mosaic  was  also  noted  on 
White  Dutch  Runner  (Phaseolus  coccineus  var.  albus),  broad  bean  (Vicia 
faba),  three  varieties  of  velvet  bean  (Stizolobium  deeringianum) ,  and 
by  Mains  on  trailing  wild  bean   (Stropho styles  helvola) . 

Anthracnose  (Colletotrichum  lindemnthiamum)  was  rather  general 
in  gardens  for  the  first  time  in  at  least  five  years,  and  its  severity  was 
no  doubt  attributable  to  the  wet  season.  Fusarium  wilt  was  noted  near 
Lafayette. 

Lima  and  sieva  beans:  The  disease  previously  reported  as  due  to 
Phyllosticta  phaseolina  has  proved  to  be  the  bacterial  spot  disease  re- 

6  Longyear,   B.   O.     A   new  apple  rot.      Col.   Agr.    Exp.   Sta.   Bui.   105:1-12.      1905. 

7  Baker,    Clarence    E.      The   use   of   oiled   wraps   in  the   prevention   of  storage  troubles. 
Trans.   Ind.  Hort.   Soe.   63  (1923)  :80-85.      1924. 

s  Gardner,    Max    W.      A    native    weed    host    for    bacterial    blight    of   bean.      Phytopath. 
14:341.     1924. 
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cently  described  by  Tisdale  and  Williamson".  The  causal  organism  has 
been  found  by  cross  inoculation  and  cultural  tests  to  be  identical  with 
Bad.  vignae™.  This  is  a  very  common  and  rather  destructive  disease 
of  lima  beans  in  gardens,  especially  in  wet  seasons,  but  has  not  been 
noted  in  the  canning  crop.  Other  hosts  of  this  parasite  are  cowpea, 
catjang,  Adsuki  bean,  velvet  bean,  bonavist  or  hyacinth  bean,  and  tick 
trefoil. 

Beet:  Leaf  spot,  due  to  Cercospora  beticola,  was  worse  than  usual 
this  year.  It  was  reported  destructive  on  mangels  in  Jefferson  Co.  and 
was  noted  on  sugar  beets  in  Lake  Co.  The  peculiar  leaf-rolling  mosaic 
disease  described  in  the  1921  report  was  noted  on  sugar  beets  and  on 
red  and  yellow  mangels.  Severe  losses  from  damping-off  were  reported 
in  the  sugar  beet  fields.  Damping-off  necessitates  replanting  which 
results  in  later  maturity,  a  condition  reported  to  be  associated  with  a 
low  sugar  content. 

Blackberry:  Leaf  spot,  due  to  Mycosplmerella  rubi,  was  found  in 
Sullivan  Co.  Orange  rust  (Kunkelia  nitens)  was  occasionally  serious 
in  plantations  and  was  reported  to  have  killed  one  patch  in  Floyd  Co. 
The  leaf  rust  (Kuehneola  albida)  was  sent  in  from  Bartholomew  Co. 
in  the  fall.  Anthracnose  (Plectodiscella  veneta)  was  noted  on  wild  and 
cultivated  plants,  but  is  not  nearly  as  serious  as  en  black  raspberries. 
Burkholder  reported  the  Eldorado  variety  relatively  resistant  to  this 
disease. 

Buckwheat:  Leaf  infection  of  Ramularia  anomala  Pk.11  was  found 
by  Mains  near  Lafayette  in  the  fall.  The  fungus  was  isolated  and 
successful  inoculations  of  buckwheat  and  the  common  black  bindweed 
(Polygonum  convolvulus)  were  obtained  in  the  greenhouse. 

Cabbage:  Yellows12,  due  to  Fusarium  conglutinans,  was  much  less 
destructive  than  usual,  due  to  the  cool  season.  However,  Gregory  had 
reports  of  the  disease  from  practically  every  county  in  the  state.  Dr.  J. 
C.  Arthur  found  this  disease  on  sea  kale  (Crambe  maritima) .  Black 
rot,  due  to  Bact.  campestre,  was  worse  than  usual,  according  to  Gregory, 
who  reported  fields  ruined  by  this  disease  in  Jackson  Co.  Gregory  also 
found  black  leg,  caused  by  Phoma  lingam,  very  serious  in  market  gar- 
dens. Club  root,  hitherto  reported  only  from  Lake  Co.,  was  found  in 
LaPorte  by  Dr.  G.  K.  K.  Link. 

Cantaloupe:  Bacterial  wilt  was  less  severe  than  usual.  Mosaic 
was  very  severe  in  August  in  Tippecanoe  and  Knox  counties.  The 
mosaic  carriers,  milkweed,  pokeweed,  and  ground  cherry,  are  very 
abundant  in  Indiana.  The  Alternaria  leaf  blight  was  serious  in  Knox 
Co.,  particularly  in  fields  used  previously  for  this  crop. 

9  Tisdale,   W.   B.,   and   Williamson,   Maude   Miller.     Bacterial   spot  of   lima  bean.     Jour. 
Agr.    Res.    25:141-155.      192:3. 

10  Gardner,    Max    W.,    and    Kendrick,    James    B.      Bacterial    spot    of    cowpea    and    lima 
bean.      In    press,    Jour.    Agr.    Res. 

11  Davis,    J.    J.      Notes    on    parasitic    fungi    from    Wisconsin    VI.      Trans.    Wis.    Acad. 
Sci.   19:705-715.      1919. 

"Gregory,   C.   T.      Cabbage  yellows.     Purdue  Agr.   Ext.   Bui.   104:1-8.      1922. 
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Carrot:     Nematode  root-knot  occurred  in  a  garden  near  Lafayette. 

Celery:  The  Fusarium  yellows  disease  (fig.  2)  of  the  Golden  Self- 
blanching  variety  was  less  severe  than  usual.  Early  blight,  due  to 
Cercospora  apii,  was  very  serious. 


W 

ivf 


Fig-.  2.  The  Fusai'ium  yellows  disease  of  celery.  The  rows  in  the  foreground  show 
blank  spaces  and  yellowish  stunted  plants  due  to  this  deasese.  Resistant  variety  in  the 
background.  The  diseased  plant  at  the  light  is  sliced  longitudinally  to  show  the  brown 
discoloration  of  the  interior  tissues  of  one  side  of  the  crown,  a  condition  characteristic 
of  advanced  stages  of  the  disease. 


Cherry:  Leaf  spot,  caused  by  Coccomyces  hiemalis,  remains  the 
worst  disease  of  cherries,  and  causes  premature  defoliation  and  conse- 
quent devitalization  of  the  trees.  Brown  rot,  due  to  Sclerotinia  cinerea, 
was  much  worse  than  usual,  both  as  a  blossom  blight  and  a  fruit  rot. 
Powdery  mildew  (Podosphaera  oxyocmthae)  was  more  prevalent  than 
usual. 

Clover:  Powdery  mildew,  so  prevalent  in  1922,  occurred  only  to  a 
slight  extent  this  year.  Mosaic  was  of  common  occurrence.  A  leaf 
spot  of  alsike  clover  due  to  Cercospora  zebrina  Pass,  was  found  by 
Mains  at  Lafayette.  The  sooty  leaf  spot  of  white  clover  due  to  Phyl- 
lachora  trifolii  was  very  prevalent  in  Lafayette  in  the  fall. 

Corn:  Bacterial  wilt  caused  by  Aplanobacter  stewartii  was  de- 
structive on  Golden  Bantam  sweet  corn  in  gardens.  Smut  was  more 
prevalent  and  rust  was  less  prevalent  than  usual.  Trost  found  Phijso- 
derma  zeae-maydis.  Hoffer  reports  a  five  per  cent  loss  in  the  crop  due 
to  root,  stalk,  and  ear  rots  caused  by  Gibberella  and  Fusarium  species. 

Cowpea:  Bacterial  spot,  caused  by  Bad.  vignae,  occurred  in  a 
number  of  cowpea  varieties  and  catjang  peas  at  Lafayette  and  was 
noted  in  Knox  Co.  The  same  organism  attacks  lima  bean,  Adsuki  bean, 
velvet  bean,  bonavist  or  hyacinth  bean   (Dolichos  lablab) ,  and  the  weed, 
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tick  trefoil  (Desmodium  canescens)  (see  footnote  10) .  Mosaic  was  noted 
to  a  limited  extent  in  Knox  Co.  and  in  experimental  plots  where  it 
occurred  in  four  varieties  and  on  the  catjang  (Vigna  catjang)  and  the 
asparagus  bean  (V.  sesquipedalis) .  A  Cladosporium  spot  disease  oc- 
curred on  the  pods  of  the  Early  Buff  variety  of  cowpeas  in  the  experi- 
mental plots. 

Cucumber:  Bacterial  wilt,  caused  by  Bacillus  tracheiphilus ,  was 
less  serious  than  usual.  Mosaic  was  worse  than  usual  and  is  the  limit- 
ing factor  in  the  crop  grown  for  pickling  purposes,  owing  to  the  in- 
creasing reservoir  of  mosaic  in  the  weed  carriers,  milkweed,  pokeweed, 
and  ground  cherry.  This  disease  has  caused  the  abandonment  of  many 
salting  stations  in  the  state  and  it  is  due  largely  to  the  inroads  of  this 
disease  that  the  usual  period  of  operation  of  a  salting  station  in  any 
one  locality  is  only  10  to  12  years.  Anthracnose  (Colletotrichum  lagena- 
rium)  was  serious  in  certain  greenhouses  and  further  evidence  of  the 
relation  of  overhead  watering  to  this  disease  was  obtained.  Watering 
with  a  hand  hose  is  preferable  to  the  overhead  sprinkler  system.  Downy 
mildew  (Peronoplasmopara  cubensis)  occurred  in  the  same  greenhouse 
at  Terre  Haute  in  which  it  was  noted  in  1920. 

Eggplant:  Fruit  spot,  due  to  Phomopsis  vexans,  was  worse  than 
usual.  Mosaic  was  noted  in  plantings  near  mosaic  peppers.  Phytoph- 
thora  rot  occurred  in  the  same  garden  in  which  it  occurred  in  1921. 

Grape:  Black  rot,  caused  by  Guignardia  bidivellii,  was  worse  than 
usual.  Downy  mildew  (Plasmo.para  viticola)  was  found  destroying  the 
fruit  clusters  in  Pulaski  Co.  early  in  August. 

Lettuce:  Gregory  found  downy  mildew  (Bremia  laciucae)  worse 
in  greenhouses  in  southern  Indiana  than  around  Indianapolis  and  found 
drop,  caused  by  Sclerotinia  libertiana,  serious  in  the  winter  crops.  He 
also  found  nematode  root-knot  in  one  greenhouse.  The  stunting  ap- 
parently due  to  an  excess  of  soluble  salts  in  the  soil  was  probably  the 
worst  difficulty  with  greenhouse  lettuce. 

New  Zealand  spinach  (Tetragonia  expansa)  :  The  Cercospora  leaf- 
spot  (fig.  3)  occurred  mainly  on  the  older  leaves  and  the  lesions  were 
seldom  abundant.  The  fungus  has  not  sporulated  in  culture,  hence 
spore  inoculations  have  not  been  made. 

Oats:  Halo  blight,  due  to  Bact.  coronafaciens,  was  found  near  La- 
fayette by  Hoffer.  The  smuts  were  generally  prevalent,  as  usual,  and 
Gregory  noted  losses  as  high  as  15  per  cent  where  untreated  seed  was 
used.  Mains  found  crown  rust  worse  than  usual,  causing  a  two  per 
cent  loss,  and  attributes  this  to  the  low  spring  temperatures. 

Onion:  Smut  (Urocystis  cepulae)  has  been  found  only  in  Lake 
and  Jasper  counties.  Fusarium  rot,  neck  rot,  and  bacterial  soft  rot 
were  reported  by  the  federal  Bureau  of  Markets  in  a  very  small  per- 
centage of  Indiana  carlot  shipments. 

Pea:  Among  seven  varieties  of  peas  grown  in  pots  in  the  green- 
house,   bacterial    spot,    caused   by   Bact.    pisi,    occurred    in    one   variety 
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(American  Wonder)  apparently  as  a  result  of  seed-borne  infection,  a 
phenomenon  previously  observed  by  Coons':I.  Kendrick  isolated  the  or- 
ganism and  with  it  obtained  infection  of  sweet  peas  (Lathyrus  odoratus) 
as  well  as  field  peas. 

Peach:  Bacterial  spot,  caused  by  Bad.  pruni,  was  the  worst  disease 
in  commercial  orchards.  The  fruit  attack  was  much  worse  than  usual 
on  Elberta  and  Hale  in  Knox  Co.,  and  very  large  fruit  lesions  were 
produced  on  Redbird.  However,  the  premature  defoliation  is  the  most 
serious  effect  of  this  disease.  The  Elberta  variety  proved  fully  as  sus- 
ceptible as  Hale  this  season. 


Fig.  3.     Cercospora  leaf  spot  of  New  Zealand  spinach. 


In  an  experimental  block  of  badly  infected  young  Elberta  trees  in 
Lawrence  Co.,  Cullinan  made  a  test  of  sodium  nitrate  applications  at 
the  rate  of  three  and  five  pounds  per  tree  in  1922  and  1923.  Mr.  H.  E. 
Newland  kept  a  record  of  the  rate  of  defoliation  of  18  trees  represent- 
ing the  different  treatments  and  was  unable  to  demonstrate  any  beneficial 
effects  from  any  of  the  treatments.  His  records  do  show,  however,  the 
amazing  rapidity  of  defoliation  caused  by  this  disease.  During  the 
nine-day  period  between  July  26  and  August  3,  single  trees  lost  as  many 
as  1226,  1340,  1538,  and  even  1848  leaves,  the  lowest  loss  being  314. 
The  average  daily  rate  of  leaf  fall  varied  from  52  to  205  per  tree,  a 
condition  which  is  really  appalling  and  which  forcibly  demonstrates  the 
destructiveness  of  this  disease  in  southern  Indiana. 

The  data  presented  above  were  obtained  after  a  period  of  dry 
weather.  After  the  abundant  rainfall  of  early  August,  another  series 
of     counts     were     made     on     the     same     trees     covering     the     five-day 
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period  from  Aug.  15  to  Aug.  20  and  the  average  daily  rate  of  defoliation 
was  found  to  be  much  lower,  ranging  from  8  to  56  per  tree. 

Adjacent  to  this  block  of  Elbertas  were  single  row  plantings  of 
a  number  of  other  varieties,  all  badly  infected.  Newland  also  counted 
the  leaves  which  fell  from  two  representative  trees  of  each  of  these 
varieties  during  the  two-day  period,  Aug.  3  and  4,  and  the  six-day 
period,  Aug.  15  to  20  inclusive.  The  average  daily  leaf  fall  per  tree 
among  the  different  varieties  was  as  follows :  Greensboro,  34 ;  Cham- 
pion, 23;  Salwey,  20;  Gold  Drop,  19;  Rochester,  19;  Heath,  15;  Big 
Red,  15;  Krummel,  12;  Crosby,  12;  Belle,  11;  Captain  Ede,  10;  Hale,  9; 
Carman,  6;  Hiley,  5.  Here  again,  the  rate  of  leaf  fall  was  much  lower 
during  the  second  than  during  the  first  period,  possibly  because  of  the 
intervening  rainfall. 

No  bacterial  spot  had  been  noted  in  the  Elberta  block  until  these 
varieties  were  planted  adjacent  to  it  and  the  evidence  indicated  that 
the  disease  had  been  brought  in  with  the  later  planting.  Certain  older 
orchards  have  remained  free  from  the  disease  and  it  seems  very  cer- 
tain that  it  is  carried  on  nursery  stock.  Coalescent  marginal  infection 
of  the  leaves  was  noted  on  Carman,  Belle,  and  Krummel.  An  exudate 
was  noted  (July  30)  on  the  lower  epidermis  of  the  leaf  lesions  on 
Rochester  and  red  globules  of  gum  were  noted  on  the  cankers  on  Krum- 
mel and  Crosby. 

Leaf  curl,  caused  by  Exoascus  deformans,  was  very  serious  on  un- 
sprayed  trees  in  May,  causing  defoliation.  A  few  red,  wart-like,  fruit 
lesions  were  noted.  Cullman  found  the  disease  severe  on  all  of  the  15 
varieties  above  mentioned.  Scab,  caused  by  Cladosporiuni  carpophilum, 
and  brown  rot,  caused  by  Sclerotinia  cinerea,  were  worse  than  usual, 
the  latter  occurring  to  a  considerable  extent  even  in  the  best  orchards. 
The  fruit  rot  caused  by  Rhizopus  nigricans  was  noted  in  Knox  county. 
Sunscald  of  the  fruit  occurred  locally. 

Pear:  Fireblight  was  very  destructive  throughout  the  state,  al- 
though not  as  severe  on  pears  as  on  apples.  Scab,  due  to  Venturia 
pyrina,  and  sooty  blotch    (Phgllachora  pomigena)   were  noted. 

Pepper:  In  an  experimental  garden,  Phytophthora  rot  was  noted 
and  mosaic  was  especially  severe  on  Chili  peppers,  among  which  the 
mosaic  plants  failed  to  set  fruit. 

Plum:  Black  knot  was  reported  from  Hamilton,  Randolph,  and 
Shelby  counties.  Leaf  spot,  due  to  Cocconnjces  prunop  florae,  was  noted 
on  the  Burbank  variety,  and  in  one  case  observed,  a  Japanese  plum 
adjacent  to  badly  diseased  native  varieties  remained  free  from  infection. 
Twig  infection  (1922)  of  Exoascus  pruni  was  noted  in  Montgomery  Co. 
Brown  rot  was  much  worse  than  usual. 

Potato:  The  Fusarium  wilt  wTas  not  serious  this  year.  This  disease 
as  it  occurs  in  Indiana  closely  resembles  in  its  symptoms  the  wilt 
caused  by  Fusarium.  eumartii1*,  and  the  low  temperature  requirements 

11  Goss,  R.  W.  Potato  wilt  and  stem-end  rot  caused  by  Fusarium  eumartii.  Neb. 
Agr.   Exp.   Sta.   Res.   Bui.   27:1-83.     1024. 
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of  this  fungus  as  compared  with  F.  oxysporum  would  assist  in  explain- 
ing why  the  disease  has  usually  been  more  prevalent  in  northern  than 
in  southern  Indiana.  Gregory  noted  black  leg  on  Cobblers  in  June  in 
Vanderburgh  Co.  and  Kendrick  found  the  disease  serious  near  In- 
dianapolis on  July  3.  This  disease  appears  to  be  serious  only  in  the 
early  crop.  Gregory  reported  the  canker  effect  of  Rhizoctonia  solani 
serious  in  the  late  crop  in  St.  Joseph  Co.,  and  the  black  scurf  stage 
was  very  prevalent.  Early  blight  was  worse  than  usual  and  scab 
occurred  very  generally. 

Our  tests'"'  have  shown  that  leaf  roll  is  the  chief  cause  of  the  de- 
generation of  Rural  seed  stocks  and  the  consequent  decreased  yields  in 
the  late  crop.  The  disease  was  also  noted  in  June  in  the  early  crop  in 
southern  Indiana.  Mosaic  can  be  recognized  in  the  field  with  more  cer- 
tainty than  leaf  roll  and  has  proved  to  be  rather  prevalent  in  the  early 
crop.  The  stipple  streak  type  of  mosaic  seems  to  predominate. 
Greenhouse  tests  carried  out  by  Brown  and  Hoffman  showed  the  pres- 
ence of  much  of  this  type  of  mosaic  in  Cobbler  seed  stock  from  southern 
Michigan.  Under  Indiana  conditions,  mosaic  has  such  a  destructive 
effect  that,  fortunately,  it  tends  to  eliminate  itself.  Mosaic  lowers  the 
germinability  of  the  seed  tubers  very  materially  and  such  tubers  as  do 
germinate  usually  send  up  stunted,  weak  sprouts  which  die  early  in 
the  season  and  hence  do  not  long  exist  as  sources  of  infection.  Very 
few  plants  from  mosaic  seed  ever  produce  any  tubers. 

Radish:  Black  root,  caused  by  Nemato  sporangium  aphanidermatum 
(Eclson)  Fitzpatrick,  was  serious  in  gardens  in  the  spring.  In  a  plot 
of  22  varieties  on  infested  soil,  Kendrick1"  found  that  the  White  Chinese 
variety  showed  some  degree  of  resistance.  The  disease  was  found  in 
one  instance  in  sod  land  not  previously  used  for  radishes  at  least  for  a 
period  of  five  years  or  more. 

Black  raspberry :  Anthracnose,  caused  by  Plectodiscclla  veneta,  was 
the  limiting  factor  in  this  crop  inasmuch  as  the  disease  seems  to  be  al- 
most co-existent  with  its  host  and  its  effects  frequently  prevent  any 
profit  because  the  bearing  canes  are  girdled  and  die  just  before  the  crop 
of  fruit  is  matured.  Fruiting  spurs  are  also  seriously  injured  and  leaf 
infection  is  common  but  not  particularly  injurious.  While  the  more 
destructive  type  of  infection,  that  near  the  bases  of  the  canes,  occurs 
early  in  the  spring,  new  infection  was  found  on  the  growing  tips  until 
rather  late  in  the  season  (Aug.  15).  Abundant  infection  was  noted  on 
wild  plants. 

A  number  of  patches  were  examined  in  Floyd,  Brown,  and  Mont- 
gomery counties  where  co-operative  spray  tests  were  conducted  by  Burk- 
holder  and  it  was  found  that  good  control  was  obtained  with  the  Wis- 
consin schedule17.     Burkholder  has  found  it  unsafe  to  use  lime-sulphur 

15  Gardner,  Max  W.,  and  Kendrick,  James  B.  Potato  leaf  roll  in  Indiana.  Purdue 
Univ.  Agr.   Exp.   Sta.  Bui.   284:1-23.     1924. 

10  Kendrick,  James  B.  Infection-court  in  radish  black-root.  Abs.  in  Phyto.  14:66. 
1924. 

17  Jones,  Leon  K.  Anthracnose  of  cane  fruits  and  its  control  on  black  raspberries  in 
Wisconsin.     Wis.  Agr.   Exp.   Sta.   Research  Bui.  59:1-26.     1924. 
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for  the  second  spray  in  Indiana.  In  one  patch,  the  Plum  Farmer 
variety  showed  more  resistance  than  Cumberland,  the  variety  generally 
grown  in  this  state.  Leaf  spot,  caused  by  Mycosphaerella  rubi,  was 
worse  than  usual,  especially  in  southern  Indiana.  Crown  gall  was  re- 
ported. 

Next  to  anthracnose,  the  virus  disease,  leaf  curl,  is  probably  the 
most  serious  disease  of  this  crop  and  was  found  very  destructive  in 
three  out  of  13  fields  examined.  It  occurred  in  the  Cumberland  and 
Scarf  varieties  and  also  on  wild  bushes.  Mosaic  was  found  on  the 
Scarf  variety  and  eastern  bluestem  in  the  Cumberland  variety  in  Mont- 
gomery Co.  by  R.  B.  Wilcox. 

A  wilt  disease  apparently  of  fungus  origin  was  very  destructive  in 
one  patch  of  the  Scarf  variety  in  Montgomery  Co.  in  July.  The  leaves 
on  the  young  canes  wilted  or  turned  yellow  and  the  canes  died  one  at 
a  time.  A  broad,  dark  blue  stripe  under  which  the  wood  and  pith  were 
brown  usually  involved  one  side  of  each  diseased  cane.  The  disease 
resembled  cane  blight  in  some  respects  although  no  pycnidia  of  the 
fungus  were  found  on  the  canes.  Kendrick  isolated  a  pycnidial  fungus 
from  the  discolored  tissues  of  the  canes. 

A  root  rot  was  found  in  Brown  and  Floyd  counties  in  June  and 
was  probably  attributable  to  poor  soil  inasmuch  as  heavily  fertilized 
plants  had  apparently  escaped  the  disease.  Kendrick  isolated  a  similar 
Fusarium  from  the  root  tissues  in  both  cases. 

Red  raspberry:  Mosaic  was  found  on  the  Cuthbert  variety  in 
Montgomery  Co.  and  Burkholder  reports  crown  gall  prevalent  in  this 
variety.     Anthracnose  is  not  nearly  as  severe  as  on  the  black  varieties. 

Rye:  Gregory  found  anthracnose  of  considerable  importance  in 
Pulaski  Co.  Mains  reported  leaf  rust  less  prevalent  than  usual.  He 
has  found  no  resistant  varieties  but  has  developed  resistant  strains 
within  the  varieties18. 

Soybean:  Mosaic  was  found  serious  in  one  commercial  field  in 
LaPorte  County  by  F.  E.  Robbins  who  noted  the  disease  in  only  four 
out  of  27  fields  examined.  Bacterial  blight  caused  by  Bact.  glycinemu 
was  widespread,  as  usual.  Kendrick  found  a  few  cases  of  the  stem  rot 
due  to  Diaporthe  sojae  in  LaPorte  Co.  in  the  varieties  Midwest  and 
Dunfield. 

Strawberry:  Leaf  spot,  caused  by  Mycosphaerella  fragariae,  was 
worse  than  usual  and  occasioned  numerous  complaints.  The  disease  is 
carried  with  transplants  and  thus  secures  an  early  start  in  new  beds. 
In  a  large  planting  in  Montgomery  Co.  the  Roosevelt  variety  proved 
much  more  susceptible  than  Gibson,  Everbearing,  or  Charles  the  First. 
Gregory  found  the  Parson's  Beauty,  Kellogg's  Rockhill,  Dunlap,  and 
Glenmary  varieties  very  susceptible  in  Jefferson  Co.,  while  Aroma  and 
Progressive  showed  resistance.     Leaf  scorch1',  caused  by  Mollisia  earli- 

]s  Mains,  E.  B.,  and  Leishty,  C  E.  Resistance  in  rye  to  leaf  rust,  Puccinia  dis- 
persa   Erikss.      Jour.   Agr.   Res.   25:243-252.      1923. 

39  Stone,  R.  E.  Leaf  scorch  or  Mollisiose  of  the  strawberry.  Phyto.  12:375-380. 
1922. 
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ana,  was  found  in  Montgomery  and  Gibson  counties.  One  case  of  what 
resembles  a  mosaic  disease,  characterized  by  a  yellowing  and  stunting, 
occurred  among  a  plot  of  Everbearing  plants  received  from  a  Michigan 
grower. 

Sweet  potato:  Black  rot,  caused  by  Ceratostomella  fimbriata,  was 
found  in  Warrick  and  Vigo  counties. 

Tobacco:  Blackfire,  caused  by  Bad.  angulatum,  and  wildfire,  caused 
by  Bad.  tabacum,  were  found  serious  in  Spencer,  Floyd  and  Clark 
counties  by  Gregory,  who  also  found  root  rot  due  to  Thielavia  basicola 
in  Jefferson  Co.,  frogeye  spot,  caused  by  Cercospora  nicotianae,  in  Parke 
Co.,  and  mosaic  along  the  Ohio  River  generally.  Kendrick  inoculated 
tobacco  plants  in  the  greenhouse  with  the  virus  of  the  winter  blight 
stage  or  type  of  tomato  mosaic  and  obtained  typical  mosaic  mottling 
and  also  a  necrotic  spotting  of  the  tobacco  leaves,  a  mosaic  symptom 
in  tobacco  recognized  in  1886  by  Mayer20  and  by  Beyerinck  in  1898 
and  Koning21  in  1899.  Many  workers  have  held  that  necrotic  spotting 
does  not  occur  as  a  manifestation  of  the  mosaic  disease  of  tobacco. 
Iwanowski  in  1890  described  this  as  "pockenkrankheit"  and  in  his  later 
work22  holds  that  it  is  a  separate  and  distinct  disease.  Hunger23  agrees 
with  Iwanowski.  But  Kendrick's  results  indicate  that  Mayer,  Beyerinck, 
and  Koning  very  likely  were  correct  in  their  interpretation  of  the 
symptom. 

Timothy:  Stripe  smut  (Ustilago  striaeformis)  was  found  at  La- 
fayette in  June,  and  the  same  fungus  was  also  found  on  Poa  coynpressa. 

Tomato:  There  was  an  extremely  destructive  epiphytotic  of  Sep- 
toria  leaf  spot  in  the  canning  crop  due  to  the  wet  weather  in  August. 
The  rainfall  during  that  month  in  Orange  Co.  was  6.64  inches, — almost 
100  per  cent  above  normal.  Fusarium  wilt  was  not  at  all  severe  in 
the  canning  crop,  probably  because  of  the  cool  weather,  although  it 
was  reported  that  18  million  southern-grown  plants  were  used  in  In- 
diana. In  artificially  inoculated  soil  at  Kempton,  many  plants  which 
became  infected  during  the  hot  weather  of  June  later  recovered  and 
produced  a  crop. 

Mosaic  was  less  serious  than  usual  in  the  canning  crop  but  occurred 
in  its  destructive  winter  blight  form  in  the  fall  crop  in  a  Lafayette 
greenhouse.  In  Indiana  it  seems  to  be  a  dangerous  practice  to  attempt 
to  grow  a  fall  crop  of  tomatoes  in  the  greenhouse  because,  until  the  field 
reservoir  of  mosaic  is  destroyed  by  frost,  it  is  almost  a  certainty  that 
the  disease  will  be  carried  by  insects  to  the  greenhouse  crop.  In  con- 
nection with  the  history  of  the  mosaic  disease  of  tomatoes  it  has  been 

20  Mayer,  Ad.  Uber  die  Mosaikkrankheit  des  Tabaks.  Landw.  Versuchstation  32:451- 
467.     1886. 

21  Koning,  C.  J.  Die  Flecken-oder  Mosaikkrankheit  des  hollandischen  Tabaks.  Zeit. 
fur  Pflanzenkrank.     9:65-80.     1899. 

22  Iwanowski,  D.  Uber  die  Mosaikkrankheit  der  Tabakspfianze.  Zeit.  fur  Pflanzen- 
krank.    13:1-41.     1903. 

23  Hunger,  F.  W.  T.  Untersuchungen  und  Betrachungen  fiber  die  Mosaikkrankheit 
der  Tabakspfianze.      Zeit.   fur   Pflanzenkrank.      15:157-311.     1905. 
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found  that  Plowright24  gives  an  account  of  what  was  undoubtedly  this 
disease  as  it  occurred,  accompanied  by  leaf  mold,  in  a  greenhouse  in 
England  in  1887.  With  regard  to  the  persistence  of  the  disease  in  the 
weed  carriers,  it  is  of  interest  to  note  that  mosaic  ground  cherry  root- 
stocks  planted  in  a  garden  in  1920  have  sent  up  mosaic  shoots  every 
spring,  this  year  being  the  third. 

In  the  greenhouse  epiphytotic  above  mentioned,  there  was,  in  addi- 
tion to  the  typical  mosaic  mottling  of  the  leaves,  an  abundance  of  brown, 
necrotic  spotting  of  the  leaves,  streaking  of  the  stems,  and  wilting  and 
outright  blighting  of  the  growing  tips.  A  variety  of  striking  symp- 
toms was  evinced  by  the  young  fruits.  These  were  characterized  by 
brown,  necrotic  surface  lesions  of  various  shapes  and  patterns,  which 
are  subject  to  invasion  by  rot-producing  organisms,  by  patches  of  brown 
dead  tissue  scattered  throughout  the  interior  of  the  fruit,  and  by  the 
most  peculiar  malformations  and  ruptures  of  the  fruit  wall  caused  by 
the  early  occurrence  of  zones  of  dead  cells  and  their  interference  with 
normal  development.  A  histological  study"5  of  the  badly  affected  fruits 
showed  that  the  disease  causes  the  death  of  isolated  plates  or  pockets 
of  cells  in  all  of  the  tissues  and  organs  of  the  fruit  and  that  the 
tendency  of  the  surrounding  or  adjacent  cells  is  to  enlarge,  divide,  and 
resume  growth,  crushing  the  cells  of  the  necrotic  region.  Thus  each 
necrotic  patch  is  surrounded  or  bounded  by  zones  of  proliferating  cells. 
As  a  response  to  a  necrosis  of  the  epidermal  cells,  surface  blisters  or 
intumescences  are  produced  by  proliferation  of  the  underlying  cells,  and 
internal  intumescences  are  also  produced  on  the  inner  surface  of  the 
fruit  wall.  As  a  result  of  the  internal  proliferations  very  firm  but 
abnormal  adhesions  are  formed  between  the  fruit  wall  and  the  seed 
pulp  and  seeds. 

Similar  necrotic  plates  and  pockets  accompanied  by  a  proliferation 
of  the  adjacent  parenchyma  cells  were  found  in  the  peduncles,  pedicels, 
and  stems,  especially  near  the  nodes  in  the  stems.  Necrotic  strips  in 
the  cortex  of  the  stem  were  accompanied  by  hyperplasia  or  prolifera- 
tion of  the  underlying  cells  and  necrotic  cavities  were  found  in  the  pith. 
Of  peculiar  interest  was  the  response  to  necrotic  zones  in  the  xylem. 
In  such  cases,  hyperplastic  growths  extended  inward  from  the 
cambium  layer  toward  the  necrotic  area,  and  in  longitudinal 
section  it  was  discovered  that  these  growths  were  composed  of 
more  or  less  isodiametric  parenchyma  cells  instead  of  the  vascular  ele- 
ments which  should  normally  have  been  formed.  Such  abnormal  growths 
invading  and  traversing  the  xylem  must  of  necessity  interfere  with  the 
normal  functioning  of  the  conducting  tissue,  and  the  possibility  is  sug- 
gested that  this  may  explain  the  wilting  which  often  occurs  in  the  tips 
of  badly  affected  plants. 

Bacterial  spot,  due  to  Bad.  vesicatorium,  was  more  prevalent  than 
usual  in  the  canning  crop  owing  to  the  wet  weather  and  the  use  of  so 

21  Plowright,  Charles  B.  Tomato  disease.  Gardeners*  Chronicle,  Ser.  3,  Vol.  1,  p.  532. 
1887. 

-5  Gardner,  Max  W.  Necrosis,  hyperplasia,  and  adhesions  in  mosaic  tomato  fruits. 
In   press,   Jour.   Agr.   Res. 
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many  southern  plants,  grown,  to  a  certain  extent  at  least,  from  untreated 
seed. 

Early  blight,  due  to  Alternaria  solani,  was  worse  than  usual,  par- 
ticularly the  collar  rot  effect  which  is  due  to  early  stem  infection  in 
the  seed  bed  or  plant  bed.  Under  Indiana  conditions  early  blight  may 
be  a  serious  plant-bed  disease  in  wet  seasons  such  as  this  was.  Gregory 
found  collar  rot  in  Floyd  and  Jackson  counties  and  it  again  occurred 
in  Hancock  Co.  where  it  caused  trouble  in  1921.  Bacterial  wilt,  caused 
by  Bact.  solanacearuni,  was  found  in  a  few  plants  in  a  canning  crop 
field  in  Gibson  Co.  in  June.  On  August  28  this  field  was  visited  and, 
while  many  of  the  infected  plants  had  recovered,  cultures  proved  the 
organism  present  in  their  tissues. 

Leaf  mold  (Cladosporium  fulvum)  was  rather  prevalent  in  the  field 
crop  about  Lafayette  in  August  and  caused  a  yellowing  of  the  older 
leaves.  In  a  fall  greenhouse  crop  the  leaf-mold  fungus  was  found 
causing  a  black  stem-end  rot  of  both  the  green  and  ripe  fruits"1.  It 
was  found  that  the  fungus  could  not  infect  the  fruit  directly  because 
there  are  no  stomata  in  the  fruit  at  any  stage  of  its  development. 
Fruit  invasion  results  from  very  early  stomatal  infection  of  the  sepals, 
torus,  or  pedicel  and  the  subsequent  growth  of  the  mycelium  down  into 
the  fruit.  Infected  fruits  are  frequently  lop-sided  with  the  atrophied 
side  under  the  sepals  which  were  originally  infected.  The  fungus  pro- 
duces composite  mycelial  strands  or  aggregates  in  the  intercellular 
spaces  and  rather  definite  sclerotial  bodies.  The  mycelium  seems  to 
accumulate  most  abundantly  in  the  parenchyma  immediately  surround- 
ing vascular  bundles  but  does  not  invade  the  latter.  The  fungus  in- 
vades the  hilum  end  of  the  seed  producing  sclerotial  bodies  both  within 
and  upon  the  seed  coat.  The  endosperm  is  not  invaded.  During  ger- 
mination, the  cotyledons  must  emerge  through  the  infected  hilum  region 
of  the  seed  coat  and,  since  the  fungus  sporulates  readily,  are  danger- 
ously exposed  to  infection.  Infected  seeds  were  planted  in  sterilized 
soil  and  a  few  cases  of  cotyledon  infection  occurred,  a  result  which 
proved  that  the  leaf-mold  disease  may  be  seed-borne. 

Anthracnose,  caused  by  Gloeosporium  phomoides,  was  noted  on  the 
fruit  in  Marion  and  Gibson  counties.  Soil  rot,  caused  by  Rhizoctonia 
solani,  was  found  early  in  September  in  Tipton  Co.  Buckeye  rot,  caused 
by  Phytophthora  terrestris,  was  found  by  Kendrick  in  a  few  green- 
houses near  Indianapolis  and  in  the  field  plot  at  Lafayette  where  the 
disease  occurred  the  ye:ir  before.  The  causative  fungus  evidently  per- 
sists in  the  soil. 

Watermelon:  Anthracnoce  was  very  prevalent  owing  to  the  wet 
weather  of  this  season,  while  the  lower  temperatures  decreased  the 
severity  of  Fusarium  wilt. 

Wheat:  Loose  smut  was  serious  in  southern  Indiana  and  Gregory 
found  it  very  severe  in  Shelby  and  Jennings  counties.  Bunt  (Tilletia 
laevis)   was  worse  than  usual.     Gregory  noted  speckled  leaf  blotch  due 

2fi  Gardner,  Max  W.  Cladosporium  leaf  mold  of  tomato :  Fruit  invasion  and  seed 
transmission.     In   press,   Jour.  Agr.   Res. 
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to  Sepioria  tritici  and  found  anthracnose  killing  small  areas  in  wheat 
fields  in  Posey  Co.,  a  condition  attributed  in  part  to  the  use  of  old  wheat 
straw  as  a  winter  mulch.  Beeson,  who  had  charge  of  the  barberry 
eradication,  was  able  to  find  very  little  stem  rust  and  reports  that  none 
was  found  in  20  localities  where  the  disease  was  severe  prior  to  the 
removal  of  barberries.  Scab,  caused  by  Gibberella  saubinetii,  occurred 
in  Floyd  and  Benton  counties.  Leaf  rust  was  much  less  prevalent  than 
in  1921  and  1922.  Mains  attributes  this  to  the  failure  of  the  rust  to 
over-winter  and  the  consequent  late  spring  appearance  of  the  disease. 
In  1921  and  in  1922,  he  found  the  fungus  overwintering  locally  in 
abundance. 

Forest  and  shade  trees:  On  slippery  elm  (Uhnus  fidva)  a  leaf 
spot  due  to  Phyllosticta  ulmicola  was  found  in  Tipton  Co.  Microstroma 
juglandis  was  noted  on  hickory  leaves  near  Lafayette.  Bacterial  leaf 
spot  of  mulberry,  due  to  Pact,  mori,  was  found  at  Lafayette.  Per- 
simmon leaf  spot,  due  to  Phyllosticta  asiminae,  was  found  in  Franklin 
Co.  Poplar  canker,  due  to  Dothichiza  populea,  was  found  killing  the 
lower  limbs  of  Lombardy  poplars  at  Lafayette.  Abundant  spore  exuda- 
tion was  noted  during  rains  late  in  May.  Quince  leaf  spot,  due  to 
Fabraea  maculata,  was  found  at  Lafayette. 

Ornamentals:  Aster  rust  was  abundant  and  carnation  rust  was 
common  in  greenhouses.  Geranium  leaf  spot,  due  to  Pact,  erodii,  was 
sent  in  from  Elkhart.  Leaf  spot  of  iris,  due  to  Didymellina  iridis,  a 
Sclerotium  crown  rot,  and  a  bacterial  soft  rot  of  the  corms  occurred 
at  Lafayette.  Leaf  spot  of  June  grass,  due  to  Helminthosporium 
vagans  Drechsler,  was  prevalent  during  May  at  Lafayette  and  stripe 
smut  (Ustilago  striae  f  ormis)  was  noted  on  both  June  grass  and  Cana- 
dian blue  grass  (Poa  compressa) .  Lilac  powdery  mildew  was  prevalent. 
Mosaic  was  noted  on  petunias  and  primroses  and  a  mosaic  disease  of 
dahlias  was  observed  in  a  neighboring  state.  Botrytis  leaf  blotch  of 
peony  was  common  at  Lafayette.  Rose  black  spot,  due  to  Diplocarpon 
rosac,  caused  defoliation  in  greenhouses.  Powdery  mildew  of  roses  was 
less  destructive  than  usual.  Crown  canker  of  greenhouse  roses  due  to 
Cylindrocladium  scoparium  caused  severe  losses  to  a  number  of  growers. 
In  one  instance  it  was  worst  on  the  Butterfly  variety.  Snapdragon  rust 
was  serious  in  greenhouses  and  outdoors  as  well.  Harry  Dietz  found 
the  snapdragon  canker  due  to  Phyllosticta  antirrhini  in  Indianapolis 
greenhouses.  A  Gloeosporium  leaf  and  fruit  spot  of  snowberry  (Sym- 
phoricarpus  racemosa)   was  found  at  Lafayette. 

Weed  mosaics:  Because  of  the  importance  of  weeds  and  wild  plants 
as  mosaic  carriers  for  certain  crops,  it  is  worth  while  to  record  the 
occurrence  of  mosaic  symptoms  on  the  following  species:  pokeweed 
{Phytolacca  decandra) ,  Jimson  weed  (Datura  stramonium),  nightshade 
(Solarium  nigrum),  horse  nettle  (Solarium  carolinense) ,  Physalis  species, 
trailing  wild  bean  (Strophostyles  helvola),  wild  blackberry,  wild  black 
raspberry  (leaf  curl),  motherwort  (Leonurus  cardiaca) ,  wild  bergamot 
(Monarda  fistulosa),  giant  hyssop  (Agastache  scrophulariaefolia),  cat- 
nip (Nepeta  cataria) ,  Rnmex  sp.,  and  two  species  of  Erigeron. 
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SUMMARY. 


The  most  destructive  diseases  noted  this  season  were  apple  scab, 
blotch,  fire  blight,  and  bitter  pit,  cherry  leaf  spot,  peach  bacterial  spot, 
plum  brown  rot,  black  raspberry  anthracnose  and  leaf  curl,  and  tomato 
leaf  spot.     Fire  blight  attracted  the  most  attention. 

The  diseases  or  parasites  not  previously  recorded  for  the  state 
were  as  follows :  Apple,  Vohitella  fructi,  Alternaria  core  mold  and  len- 
ticel  spot;  lima  and  sieva  bean,  Bad.  vignae;  blackberry,  mosaic;  buck- 
wheat, Rcmiidaria  anomala;  Canadian  blue  grass,  Ustilago  striaeformis; 
slippery  elm,  Phyllosticta  ulmicola;  hickory,  Microstroma  piglandis; 
June  grass,  Helminthosporium  vagans;  Mulberry,  Bad.  mori;  peach, 
Rhizopus  rot;  petunia,  mosaic;  Lombardy  poplar,  Dothichiza  populea; 
raspberry,  mosaic,  leaf  curl,  eastern  bluestem;  rose,  Cylindrocladiwm 
scopariam;  snapdragon,  Phyllostida  antirrhini;  sweet  pea,  Bad.  pisi; 
soybean,  Diaporthe  sojae;  tobacco,  Cercospora  nicotianae,  Bad.  tabacum; 
tomato,  Rhizoctonia  soil  rot.  In  an  experimental  plot,  mosaic  was  noted 
on  velvet  bean,  broad  bean  (Vicia  faba),  scarlet  runner  bean  (Phaseolus 
coccineus) ,  asparagus  bean    (Vigna  sesquipedalis) ,  and  Vigna  catjang. 
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A    VARIATION    OF    TRILLIUM    DECLINATUM     (GRAY) 

GLEASON. 


Ray  C.  Friesner,  Butler  College. 

It  is  a  well  known  fact  that  the  Trilliums  are  quite  variable.  Dur- 
ing the  past  season  a  number  of  specimens  of  a  variation  of  Trillium 
declinatum  (Gray)  Gleason  were  taken  in  Washington  County  near 
Fredericksburg  which  were  so  constant  and  sharply  defined  in  their 
character  that  it  is  thought  worthy  of  mention.  These  specimens  were 
collected  in  the  drainage  basin  of  a  large  sink  hole  and  no  specimens 
of  the  normal  form  of  T.  declinatum,  were  to  be  found  anywhere  in  the 
near  vicinity.     Following  is  a  detailed  description  of  the  variation: 

Stem  stout,  30-40  cm.  high ;  leaves  sessile,  broadly  rhombic,  vary- 
ing from  slightly  longer  than  wide  to  slightly  wider  than  long,  10-13 
cm.  long,  short  acuminate  at  apex;  peduncle,  horizontal,  5  cm.  long; 
sepals  green  with  brown-purple  margins  and  tips,  lanceolate  to  oblong- 
lanceolate,  2.2-2.5  cm.;  petals  brown-purple,  ovate  to  ovate-oblong,  1.8- 
2.2  cm. ;  stamens  yellowish-green  with  brown-purple  connective,  fila- 
ments 1/12  to  1/5  length  of  anther;  ovary  white,  6-angled,  ovoid,  about 
as  broad  as  high ;  stigmas  whitish  with  brown-purple  tips,  exceeding 
the  stamens,  narrowly  spreading  tips  somewhat  recurved. 

Since  no  other  Trilliums  were  to  be  found  in  the  near  vicinity  it 
is  not  certainly  known  that  the  form  here  described  is  a  variation  of 
T.  declinatum,  but  the  above  description  shows  that  it  agrees  in  every 
way  with  that  species  except  for  the  color  of  the  petals,  which  in  every 
case  were  sharply  brown-purple  with  no  traces  of  white.  It  is  there- 
fore assumed  for  the  present,  until  further  study  of  material  of  next 
season's  growth,  that  the  form  described  is  a  variation  of  T.  declinatum. 
The  writer  does  not  care  to  dignify  this  form  with  the  rank  of  variety 
until  opportunity  is  offered  for  further  study.  Specimens  are  deposited 
in  the  herbarium  of  Butler  College. 
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J.  M.  Van  Hook,  Indiana  University. 

The  present  paper  brings  our  total  list  of  fungi  to  837.  The  actual 
number  of  species,  however,  is  somewhat  fewer,  as  some  duplication 
is  necessary  in  adding  new  counties  and  new  hosts.  Yet,  many  are  not 
only  new  to  the  state,  but  some  are  new  to  the  United  States.  Our 
chief  aim  is  not  to  make  a  mere  list,  but  to  make  available  descriptions 
more  complete,  or  in  some  cases  to  entirely  rewrite  them.  Much  of 
new  species  data,  aside  from  being  too  brief,  is  based  upon  a  single 
field  collection.  Good  descriptions  can  not  usually  be  written  from 
such  material.  Characteristics  of  both  host  and  parasite  often  vary 
not  only  with  different  seasons,  but  also  vary  within  those  seasons. 
We  have  long  observed  that  a  particular  fungus  will  produce  spots 
quite  characteristic,  but  entirely  different  in  two  consecutive  years. 
Many  things  may  contribute  to  this.  Moisture  and  heat  undoubtedly 
are  two  of  the  greatest  factors.  In  dry  seasons,  some  spots  are  often 
more  limited  and  definite,  while  in  seasons  of  much  rain,  the  same 
fungous  species  will  produce  spots  much  less  limited  with  the  centers 
sloughing  away  or  falling  out.  In  our  collections,  we  have  examples 
of  such  variations,  which  the  field  observer  would  not  recognize  as 
caused  by  identical  fungi. 

BASIDIOMYCETES. 

Gym/no  sporangium  Juniperi-Virginianae  Schw.  On  leaves  and  fruit  of 
Ben  Davis  apple,  July  4,  1924.     Malott.     4022.     Very  severe. 

Lenzites  vialis  Pk.  On  ash  pole  (Fraxinus  ameriaana  L.),  Hamilton 
County,  September  8,  1909.     F.  L.  Pickett.     4009. 

Microstroma  juglandis  (Bereng.)  Sacc.  On  living  leaves  of  Carya  ovata 
(Mill.)  K.  Koch.,  Monroe  County,  July  16,  1924.  F.  M.  Andrews. 
4018.  Putnam  County,  June  17,  1922.  Blaydes.  4054.  This  has 
been  reported  on  hickory  from  West  Virginia.  Although  it  injures 
the  leaves  rather  severely,  we  do  not  notice  the  "Witches  Broom" 
effect  which  accompanies  it. 

Phragmidium  speciosum  Cke.  Earlea  speciosa  (Fr.)  Arth.  On  low 
growing  species  of  rose,  river  bank,  Crawford  County,  May  16, 
1924.  J.  M.  V.  4011.  The  teliospoies  were  abundant  on  old  stems 
which  had  been  killed. 

ASCOMYCETES. 

Claviceps  purpurea  (Fr.)  Tul.  On  Elymus  virginicus  L.,  Monroe  Coun- 
ty, September,  1924.  Russell  Kennell.  4031.  On  Festuca  elatior 
L.,  July  16,  1924.     Glenn  Blaydes.     4019.     On  Dactylis  glomerata 

"Froc.  Ind.  Acad.  Sci.,  vol.  34,  1924    (1925)." 
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L.,  July  17,  1924.  Blaydes.  4020.  This  grass  was  growing  near 
cultivated  rye  which  was  also  heavily  ergotized.  On  Agropyron 
repens  (L.)  Beauv.,  July  10,  1924.  Blaydes.  4028.  On  Ely  mux 
striatus  Willd.,  September,  1924.     Kennell.     4032. 

Lachnea  scutellata  L.  On  bark  of  root  of  Fagus  grandifolia  Ehrb., 
Monroe  County,  May  20,  1924.     Gasper  Loughridge.     4010. 

Leptosphaeria  irrepta  Niessl.  On  living  leaves  of  Cycas  revoluta  Thunb., 
I.  U.  botanical  conservatory,  November  20,  1924.  Stacy  Hawkins. 
4039.  This  was  first  described  from  material  collected  at  Fiume. 
It  grew  on  plants  out  of  doors  in  the  botanic  garden.  This  agrees 
unusually  well  with  the  description,  and  should  be  easily  identified 
by  its  spores  which  are  at  first  continuous,  usually  4-guttulate,  be- 
coming 4-celled.  These  spores  are  swollen  on  either  side  of  the 
middle  septum,  and  have  appended  at  either  end  a  lump  of  mucus. 

Nectria  dnnabarina  (Tode)  Fr.  On  twigs  of  Aesculus  glabra  Willd., 
Hamilton  County,  September  8,  1909.  Pickett.  4007.  On  dead 
twig  of  Quercus  Rubra  L.  4006.  On  dead  canes  of  Ribes  rubrum 
Linn.     4005. 

Phyllachora  Graminis  (Pers.)  F'ckl.  On  living  leaves  of  Elymus  cana- 
densis L.,  Monroe  County,  August  6,  1924.     Blaydes.     4029. 

FUNGI  IMPEPvFECTI. 

SPHAEROPSIDALES. 

Phyllosticta  Grossulariae  Sacc.  On  living  leaves  of  Ribes  aureum  Pursh., 
summer  of  1923,  Monroe  County.     J.  M.  V.     4056. 

Phyllosticta  Hamamelidis  Pk.  On  living  leaves  of  Hamamelis  vir- 
giniana  L.,  Monroe  County,  June  19,  1924.  J.  M.  V.  4015.  We 
add  the  following  to  the  description:  spots  often  extending  along 
the  midrib,  sometimes  its  entire  length.  The  pycnidia  are  wholly 
epiphyllous  and  not  amphigenous  as  described  by  Peck,  though  one 
might  mistake  this  with  a  hand  lens.  They  are  scattered  thickly 
all  over  the  spots,  but  tend  to  be  congested  along  the  veins.  They 
are  85  to  110  microns  (mostly  about  100)  and  have  a  definite  pore 
12  to  15  microns  in  diameter.  (This  species  was  noted  in  Indiana 
Acad.  Sci.,  1915.  In  the  description,  the  term  Phyllosticta  and 
Pestalozzia  should  be  reversed  in  lines  2  and  3  on  page  145.) 

Phyllosticta  macrospora  E.  &  E.  On  living  leaves  of  Liriodendron 
tulipifera  L.,  summer  of  1923,  Monroe  County.  3978.  It  has  been 
suggested  that  the  spores  are  merely  immature  asci  of  the  perfect 
stage  (Sphaerella  Liriodendri  Cke.)  Our  spores?  are  from  15  to 
25  by  5  to  9  microns,  granular  and  guttulate,  hyaline,  oval,  ovate, 
naviculate,  to  cylindrical.  Perithecia  large,  about  125  microns  with 
a  pore  about  30. 

Phyllosticta  minima  (B.  &  C.)  E.  &  E.  On  living  leaves  of  Acer  rub- 
rum  L.,  Greene  County,  July  14,  1923.  Hawkins.  3996.  On  Acer 
Negundo  L.,  Monroe  County,  July  1,  1923.    J.  M.  V.  3998. 
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Phyllosticta  Paviae  Desm.  On  living  leaves  of  Aesculus  glabra  WillcL, 
Putnam  County,  June  8,  1924.  Blaydes.  4012.  This  is  the  pyc- 
nidial  stage  of  Guignardia  Aesculi  (Pk.)  V.  B.  Stewart.  It  was 
reported  as  very  severe  on  young  trees. 

Phyllosticta  rubicola  Rabh.  On  living  leaves  of  wild  black  raspberry 
(Rubus  occidentalis  Linn.),  Monroe  County,  October  25,  1924. 
Hawkins.  4035.  This  species  which  occurs  in  Europe  on  Rubus 
caesius  and  R.  Idaeus  agrees  exactly  with  our  specimens.  We  add 
the  following:  spots  1  to  4  mm.  Pycnidia  55  to  75  microns,  sub- 
globose,  located  near  the  veins.  Spores  4  to  5  by  2  to  3  microns. 
No  Phyllosticta  seems  to  have  been  reported  on  this  species.  A 
Phyllosticta  sp.  has  been  reported  from  Florida  in  the  "Plant  Dis- 
ease Reporter"  for  1924. 

Pestalozzia  Cycadis  Allesch.  On  living  leaves  of  Zamia  floridana  D.  C, 
I.  U.  Botanical  conservatory,  December  1,  1924.  Hawkins.  4053. 
Reported  on  Cyoas  revoluta  Thunb.  in  the  Royal  Botanic  Garden 
of  Munich.     (See  Hedwigia,  vol.  34,  p.  219.     1895.) 

Septoria  Helianthi  Ell.  &  Kell.  On  living  leaves  of  Helianthus  sp., 
Monroe  County,  July  1,  1923.  J.  M.  V.  3993.  Agrees,  except  spots 
irregular  or  angular. 

Septoria  Ribis  Desm.  The  pycnidial  stage  of  Mycosporella  Grossidariae 
(Ft.)  Lind.  On  living  leaves  of  Ribes  aureum  Pursh.,  Monroe 
County,  July  18,  1924.  J.  M.  V.  4034.  Reported  on  both  currant 
and  gooseberry;  also  on  Ribes  odoratum  Wendl.  in  111.  Circ.  241, 
p.  127.  Pycnidia  in  our  specimens  are  35  to  145  microns,  globose 
or  sub-globose.  The  spores  are  37  to  75  by  2  to  3  microns  and 
continuous  to  3-septate.  The  pycnidia  are  thin  above,  opening  with 
a  very  broad  mouth. 

HYPHOMYCETES. 

Botrytis  Bassiana  Bals.  On  dead  insect  fast  to  living  leaf  of  cultivated 
strawberry,  Monroe  County,  July  28,  1924.     J.  M.  V.     4023. 

Cercospora  beticola  Sacc.  On  living  leaves  of  Beta  vulgaris  Linn.,  Put- 
nam County,  August  14,  1922.     Blaydes.     4030. 

Ramularia  concomitans  Ell.  &  Holw.  On  living  leaves  of  Bidens  fron- 
dosa  L.,  Monroe  County,  July  26,  1924.  J.  M.  V.  4024.  Agrees 
well,  except  that  some  spores  are  somewhat  thicker,  measuring 
from  15  to  25  by  3  to  5  microns.  They  are  quite  uniformly  1-septate 
and  are  borne  in  chains.     Spots  are  brown. 

Ramularia  Plantaginea  Sacc.  &  Berl.  On  living  leaves  of  Plantago  Ru- 
gelii  Dene.,  Monroe  County,  October  14,  1924.  Hawkins.  4033. 
Spots  dark  brown  above,  often  becoming  pale  in  the  center;  some- 
what lighter  in  color  below,  one-half  to  one  and  one-half  cm.  in 
diameter,  circular  or  irregular,  sometimes  confluent  and  indeter- 
minate. Conidiophores  amphigenous,  but  occurring,  for  the  most 
part,   below,   resembling   a    downy  mildew,   fasciculate,   hyaline,    50 
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to  125  by  3  to  71/2  microns,  tapering  upward  to  2  to  3,  wavy  or 
nodulose,  much  bent  where  spores  are  attached,  the  basal  cell  much 
greater  in  diameter  than  the  part  above  which  is  usually  con- 
tinuous. Spores  2  to  8  on  each  conidiophore,  borne  both  terminally 
and  laterally,  hyaline,  one  to  four-celled,  constricted  at  the  septa, 
sometimes  with  one  cell  of  less  diameter,  long  elliptical  or  oblong 
to  cylindrical,  15  to  48  by  5  to  IV2  microns. 

Cercospora  Violae  Sacc.  On  living  leaves  of  Viola  cucullata  Ait.,  Mon- 
roe County,  September  30,  1923.  Mrs.  W.  T.  Hicks.  3985.  We 
have  listed  this  species  before  with  variations  in  conidiophores. 
The  spots  here  are  small,  circular,  1  to  2  mm.  Spores  are  100  to 
160  by  SV2  microns,  and  up  to  14-septate.  The  conidiophores  are 
long  as  in  2650,  brown,  light-colored  at  tips. 
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COMPARATIVE  GROWTH  IN  GRAZED  AND  UNGRAZED 
WOODLOTS  AT  PURDUE. 


Burr  N.  Prentice,  Purdue  University. 

The  fact  that  grazing  and  the  timberlot  have  nothing  in  common 
has  been  known  to  those  of  us  who  are  interested  in  building  up  our 
woodlots,  for  a  long  time.  That  being  the  case,  I  shall  not  take  time 
to  argue  the  case.  The  many  detrimental  effects  of  grazing  are  too 
well  known  to  need  further  argument  here. 

The  opportunity  has  come  to  me  during  the  last  year  or  so,  how- 
ever, to  study  rather  closely  the  growth  on  a  few  woodlots  in  the  vicinity 
of  Lafayette,  some  of  them  grazed  and  others  not.  This  study  is  by  no 
means  complete  but  it  has  progressed  far  enough  to  disclose  some 
features  of  interest. 

I  wish  at  this  time  to  merely  outline  the  method  which  I  have 
selected  somewhat  arbitrarily  for  the  comparison  of  these  two  types  of 
woodlots.  First,  an  attempt  was  made  to  select  areas  of  unquestioned 
site  1  character,  i.e.,  representing,  the  most  productive  site  class  with 
reference  to  an  area's  forest  producing  power.  Second,  to  select  for 
comparative  purposes  areas  similar  in  other  characteristics  except  the 
matter  of  grazing.  Age,  silvicultural  system  or  lack  of  same  and  dis- 
tribution of  species,  were  determining  factors  in  the  selection. 

For  the  present  comparison  I  have  two  areas  each  of  the  following 
characteristics.  The  first  areas  are  both  young  second  growth  on  land 
which  was  clear  cut  some  20  to  25  years  ago  and  allowed  to  sprout. 
One  has  been  rather  severely  grazed  and  the  other  not  at  all.  The 
second  type  is  an  old  stand  on  a  selection  method,  one  grazed  and  the 
other  not.  *>• 

The  method  on  which  the  comparison  is  based  is  briefly  as  follows : 
1.  Preparation  of  stand  tables.  2.  The  preparation  of  tables  of  basal 
areas  for  each  of  the  tracts. 

Such  tables  showing  the  basal  areas  of  the  total  number  of  trees 
per  acre  in  each  diameter  class  form  a  remarkably  good  basis  for  com- 
parison. I  must  confess,  however,  that  I  was  somewhat  disappointed 
in  my  first  even-aged  ungrazed  selection,  to  find  upon  completion  of 
the  basal  area  table  that  the  area  seemed  to  fall  in  site  2  class  rather 
than  site  1.  So  far  as  basal  area  was  concerned  it  practically  coincided 
with  the  figure  which  Chapman  gives  for  a  similar  mixture  on 
site  2  in  "Better  Second-growth  Hardwood  Stands  in  Central  New  Eng- 
land." However,  my  heights,  as  I  shall  show  later,  were  appreciably 
better  than  his  for  site  1.  The  low  basal  area  on  this  tract  may  be 
accounted  for  by  the  fact  that  the  farmer  adjoining,  across  whose  land 
the  drainage  would  naturally  flow,  has  been  allowed  to  turn  up  several 
furrows  along  the  fence  and  thus  back  up  the  water  on  the  area,  caus- 
ing it  to  become  stagnant  thereon  a  portion  of  the  year.  As  a  result 
the  mortality  was  appreciably  increased.  The  following  are  the  com- 
parative results  obtained. 

"Proc.  Ind.   Acad.  Sci.,  vol.  34,  1924    (1925)." 
21—80567  j-T"i 
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Tract   1 

Tract  2 

Young,  even  aged,  ungrazed 

Same  as  1  except  grazed 

Age,  25 

20 

Trees  per  acre,  694 

274 

Basal  area  per  acre,  54.344  sq.  ft. 

8.432 

Average  D.  B.  H.,  3.78  in. 

2.4 

Tract  3 

Tract  4 

High  forest,  selection  system, 

High   forest,   selection  system,  un 

grazed 

grazed 

Trees  per  acre,  81 

156 

Basal  area,  per  acre,  51.872  sq.  ft. 

75.17 

Average  diameter  B.  H.,  8.78  in. 

8.2 

Reproduction  under  6",  25  per  acre 

106  per  acre 

Fig.    1.      Curves   showing   total    height    on    D.    B.    H.   grazed   and   ungrazed   areas 


With  reference  to  these  comparative  figures  in  D.  B.  H.  it  is  inter- 
esting to  note  the  difference  in  number  of  trees  per  acre  and  also  the 
differences  in  height.  Reference  to  the  height  curves  drawn  later 
shows  the  average  heights  for  the  eight  and  one-half  inch  trees  on 
the  grazed  area  to  be  49  feet  while  that  on  the  ungrazed  area  is  68  feet. 

The  next  step  in  my  comparison  was  the  projection  of  growth  for 
the  next  20  years  by  diameter  classes  by  means  of  the  increment  borer. 
Here  I  was  confronted  by  the  usual  problem  of  growth  prediction  in 
mixed  stands.  Should  I  prepare  yield  tables  for  pure  stands  of  each 
species  and  then  determine  the  percentage  of  each  species  in  the  mixed 
stand  or  should  I  disregard  percentage  of  mixture  and  proceed  as  though 
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the  stand  were  pure?  I  finally  decided  upon  the  latter  course,  and  cite 
the  following  as  justification  of  the  decision.  J.  Nelson  Spaeth  gives  as 
his  conclusion  in  his  bulletin  on  the  Harvard  Forest  No.  1,  Growth 
Study  and  Normal  Yield  Tables  for  Second  Growth  Hardwood  Stands 
in  Central  New  England,  the  following:  "First,  that  in  spite  of  wide 
variation  in  per  cent  of  species  in  mixture,  for  a  given  age,  site,  and 
density,  the  volumes  in  board  feet,  cubic  feet  and  cords  were  constant, 
and  second,  that  the  volumes  of  trees  of  given  height  and  diameter  in 
cords  and  cubic  feet  were  the  same  regardless  of  species." 

Inasmuch  as  the  second  of  the  sprout  second  growth  woodlot  types 
was  cleared  off  shortly  after  the  preliminary  measurements  were  made 
on  it  a  year  ago,  the  comparison  of  the  two  woodlots  of  the  first  type 
could  be  carried  no  further.  Therefore  only  the  two  of  the  latter  type 
will  be  discussed  further  in  the  present  paper. 

The  next  steps  were  those  leading  to  an  actual  comparison  of  vol- 
umes both  present  and  future  on  each  of  the  areas.  Inasmuch  as  no 
volume   tables   were   available,   the   trees   were   cubed   by   means   of   the 

Smalien   formula,   V   equals  %      The   basal   areas   at  breast 

height  and  at  the  height  of  the  limit  of  six  inches  in  diameter  in  the  top 
were  secured  by  means  of  the  Biltmore  stick  and  Faustmann  Hypsometer. 
I  am  convinced  that  these  methods  gave  a  rather  high  volume  but  inas- 
much as  my  object  was  a  comparison  of  values  it  did  not  vitiate  the 
experiment.  The  following  are  the  values  for  the  present  obtained  as 
outlined  above: 

Grazed    Woodlot  Ungrazed   Woodlot 

Present   Volume  Present  Volume 

Hickory   . .  .  ." ....    463.68  cu.  ft.  Hickory    558.96  cu.  ft. 

White  Oak 459.08  cu.  ft.  White  Oak    1,548.54  cu.  ft. 

Elm    14.13  cu.  ft.  Pved  Oak   56.09  cu.  ft. 

Mulberry 11.23  cu.  ft.  Maple   62.33  cu.  ft. 

Walnut    7.97  cu.  ft.  Elm   22.54  cu.  ft. 

Hackberry    7.41  cu.  ft.  Basswood 5.88  cu.  ft. 


Total    963.50  cu.  ft.  Total   2,254.34  cu.  ft. 

The  next  step  was  the  prediction  of  mortality  or,  in  other  words, 
the  selection  of  the  trees  in  each  diameter  class  which  would  probably 
die  within  the  next  twenty  years.  This  was  done  by  a  minute  examina- 
tion of  each  area  by  tree  classes.  Those  falling  into  the  lower  half  of 
the  intermediate  class  and  the  entire  suppressed  and  dead  classes  were 
thrown  out.  Tables  1  and  2  are  a  tabulation  of  the  results.  They  show 
an  average  loss  in  all  classes  on  the  grazed  tract  of  less  than  0.3  per 
cent  for  the  next  20  years,  whereas  -the  grazed  tract,  which  is  much 
more  nearly  fully  stocked,  shows  a  prospective  loss  for  all  classes  of 
six  inches  D.  B.  H.  and  up,  of  29  per  cent.  There  was  additional  loss 
in  classes  below  six  inches  which  is  reckoned  in  with  the  reproduction. 
In  actual  numbers  the  grazed  area  shows  a  loss  of  but  two  trees  at 
present  above  six  inches,  leaving  a  total  of  79  on  which  to  predict 
growth.  The  ungrazed  area  has  a  loss  in  the  same  classes  of  49  trees, 
leaving  a  balance  of  107  on  which  to  predict  future  increment. 
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TABLE  No.  3.     GRAZED  AREA 


Present  D.  B.  H. 

D.B.  H.  20  years  hence 

Present  D.  B.  H. 

Inches. 

Inches. 

Inches. 

3 

5 . 8 

2.0 

4.1 

6 . 8 

3.2 

5 

7.6 

4.1 

5.8 

8.2 

6   1 

6.8 

9.2 

7   1 

7.6 

10.2 

8.3 

8.8 

11.3 

9.0 

9.8 

12.1 

10   1 

1(1  7 

13  1 

11.7 

11   7 

11  3 

13.0 

12.3 

15.3 

15.0 

13.3 

16.2 

16.5 

14   ti 

17.2 

15.8 

18.4 

16.8 

18.5 

TABLE  No.  4.     UNGRAZED  AREA 

D.B.  H.  20  years  hence 
Inches. 

4.2 
5.5 
6.7 
9.2 
10.1 
11.2 
12.0 
13.5 
14.6 
16.6 
18.1 


TABLE  No.  5.     UNGRAZED 


TABLE  No.  6.     GRAZED 


B.  H.  Inches. 

Heig 

it  in  Feet. 

D.  B.  H.  Inches. 

Height  in  I 

6 

24.0 

6 

20.0 

7 

27.5 

7 

23.0 

8 

31.0 

8 

26.0 

9 

34.0 

9 

29.0 

10 

37.0 

10 

32.0 

11 

40.0 

11 

34.9 

12 

42.5 

12 

37.2 

13 

45.0 

13 

39.9 

11 

47.5 

14 

42.0 

15 

49.5 

15 

44.5 

16 

52.0 

16 

46.5 

17 

54.0 

17 

49.2 

18 

56.0 

IS 

51.5 

19 

58.0 

19 

53.9 

20 

59.9 

20 

56.0 
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Fig.   3. 


Fig.  2.  Curves  showing  method  of  predicting  growth  of  trees  of  different  D.  B.  H. 
classes  in  grazed  area. 

Fig.  3.  Curves  showing  method  of  predicting  growth  of  trees  of  different  D.  B.  H. 
classes   in   ungiazed  area. 
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It  is  obvious  that  any  study  which  is  to  predict  growth  of  trees  for 
a  given  period  must  reveal  the  size  of  the  trees  at  the  end  of  the  period, 
the  difference  in  volumes  of  the  present  and  at  the  end  of  the  period 
being  the  measure  of  the  growth  for  the  period.  Our  first  step,  then, 
looking  toward  the  future,  was  to  ascertain  what  the  D.  B.  H.  of  the 
respective  trees  on  each  area  would  be  at  the  end  of  the  period.  We 
could  not  of  course  cut  any  of  the  trees  to  find  out  what  their  past  and 
present  rates  of  growth  were.  So  we  substituted  the  use  of  the  incre- 
ment borer.  With  the  borer  we  were  able  to  find  what  the  rates  for 
the  past  15  years  had  been.  We  plotted  these  rates  on  co-ordinate  paper 
and  projected  them  into  the  future  for  20  years.  (Figs.  2  and  3.) 
Tables  3  and  4  are  taken  from  these  curves. 

Having  found  the  D.  B.  H.  of  the  trees  at  20  years,  we  next  pro- 
ceeded to  plot  the  heights  to  a  six-inch  limit  for  20  years  hence.  Data 
obtained  on  trees  of  all  heights  represented  on  the  tract  for  our  present 
yield  was  used  for  the  construction  of  a  curve  showing  heights  to  a 
six  inch  limit  of  all  trees  represented.     Figures  4  and  5  and  tables  5 
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Fig.  4.     Curve  showing  height  to  six-inch  limit  on  D.  B.   H.  curve  for  ungrazed  area. 
Fig.   5.      Curve  showing   height  to  six-inch   limit   on   D.   B.   H.   curve  for  grazed  area. 


and  6  give  the  results  obtained.  It  is  of  interest  to  note  that  the  un- 
grazed area  shows  an  average  D.  B.  H.  increase  of  25  per  cent  as 
against  a  14  per  cent  increase  for  the  grazed  area. 

We  are  now  ready  to  compute  the  volume  of  our  tracts  20  years 
hence.  Tables  7  and  8  show  the  contents  of  each  stand  by  species  and 
D.  B.  H.  classes.  A  summary  of  these  tables  shows  a  volume  on  the 
ungrazed  area  at  the  end  of  20  years  of  3,826  cubic  feet,  and  on  the 
grazed  area,  1,448  cubic  feet.  Subtracting  in  the  first  instance  the 
volume  of  our  present  stand  or  2,254  cubic  feet  and  in  the  second  in- 
stance, 968  cubic  feet,  we  see  that  we  have  an  increase  in  the  first 
stand  of  approximately  70  per  cent  and  in  the  second  instance  50  per 
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cent.  Moreover,  the  base  line  on  which  the  growth  percentage  is  figured 
is  two  and  one-half  times  as  great  in  the  ungrazed  as  in  the  grazed 
area. 

In  the  above  discussion  of  growth  we  have  disregarded  the  repro- 
duction. Before  closing,  mention  should  be  made  of  the  inherent  dif- 
ferences in  the  two  stands  is  this  respect.  On  the  grazed  area,  our 
stand  tables  show  but  25  trees  under  the  six-inch  D.  B.  H.  class,  whereas 
the  ungrazed  area  shows  86  trees  in  the  same  classes.  By  referring 
these  trees  to  the  D.  B.  H.  increase  curves  for  their  respective  areas 
and  to  the  total  height  curves  for  the  same  areas  and  computing  the 
resultant  volumes,  we  find  that  the  grazed  area  will  have  an  increase 
in  cubic  volume  in  D.  B.  H.  under  six  inches  of  from  63  to  107  cubic 
feet,  or  44  cubic  feet  in  20  years.  The  ungrazed  area  in  the  same 
time  on  its  86  trees  that  are  at  present  under  six  inches  D.  B.  H.  will 
have  an  increase  of  from  35  to  231  cubic  feet,  or  an  increase  of  196 
cubic  feet.  Of  course  this  is  supposing  in  each  case  that  there  will  be 
no  mortality,  which  is  not  scientifically  true.  What  that  mortality  will 
be  we  have  no  present  means  of  ascertaining.  One  fact  may  be  of  in- 
terest, that  41  out  of  the  86  trees  on  the  ungrazed  area  that  are  below 
six  inches  are  in  the  two-inch  class.  What  has  become  of  the  trees  in 
the  other  three  classes?  Probably  the  crowded  condition  in  the  stand 
makes  the  mortality  in  these  classes  high. 

We  may  suggest  the  following  salient  points  in  conclusion: 

1.  Grazed  areas  show  a  lower  number  of  species  per  acre,  as  com- 
pared to  ungrazed  areas. 

2.  Grazed  areas  show  a  lower  number  of  stems  per  acre  as  com- 
pared with  ungrazed  areas. 

3.  Grazed  areas  show  a  greatly  decreased  height  growth  as  com- 
pared to  ungrazed  areas. 

4.  Grazed  areas  show  a  greatly  decreased  diameter  growth  as 
compared  to  ungrazed  areas. 

5.  The  grazed  area  under  consideration  showed  but  30  per  cent  of 
the  growing  stock  of  the  ungrazed  area,  notwithstanding  the  fact  that 
conditions  of  site  were  very  similar. 

6.  Increment  on  the  ungrazed  area  in  20  years  was  found  to  be 
300  per  cent  greater  than  on  the  grazed  area. 

7.  There  were  over  three  times  the  actual  number  of  trees  under 
six  inches  D.  B.  H.  on  the  ungrazed  area  than  on  the  grazed  area  with 
double  the  increase  in  volume  in  20  years. 
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FURTHER   STUDIES  WITH  THE   Ph  INDICATORS   AND 
ACID  PRODUCTION  BY  THE  COLON- 
TYPHOID  GROUP. 


P.  A.  Tetrault,  Purdue  University. 

A  paper  was  presented  to  the  Academy  in  1922  on  the  use  of  Clark 
and  Lubs  indicators  for  the  detection  of  acid  production  by  the  Colon- 
Typhoid  group.  It  was  shown  at  that  time  that  brom  cresol  purple  and 
brom  thymol  blue  could  be  used  almost  interchangeably  for  the  detec- 
tion of  acid  by  this  group,  by  incorporating  the  dye  in  the  medium  and 
allowing  the  organisms  to  grow,  both  on  the  slant,  under  aerobic  con- 
ditions and  in  a  deep  stab,  under  anaerobic  conditions.  By  using  dif- 
ferent sugars  the  fermentation  of  each  sugar  was  detected  by  the  pro- 
duction of  gas  and  by  a  change  in  the  color  of  the  medium.  This  method 
furnished  one  more  means  for  differentiating  the  members  of  the  group. 

This  paper  is  a  record  of  the  work  done  in  continuing  these  experi- 
ments using  the  same  sugars  but  with  different  dyes.  The  Ph  range 
of  brom  thymol  blue  is  approximately  6.0  to  7.6  while  brom  cresol  purple 
ranges  from  5.4  to  7.0.  These  new  indicators,  brom  cresol  green  and 
chlor  phenol  red,  have  ranges  of  3.4  to  5.0  and  5.0  to  6.6  respectively. 

The  media  used  were  the  same  as  in  the  previous  experiments  and 
the  technique  employed  was  the  same  as  that  used  in  1922. 

The  cultures  were  the  same  strains  carried  thru  on  laboratory 
media. 

The  cultures  were  incubated  for  24  hours  and  48  hours  at  37°   C. 

Readings  were  made  at  the  end  of  the  incubation  periods  and  the 
results  are  tabulated  in  the  following  charts. 

The  48  hour  readings  are  not  recorded  as  the  change  from  acid  to 
base  had  already  taken  place  and  the  tubes  were  all  back  to  normal 
again  as  far  as  color  was  concerned. 


TABLE  1.     24  HOUR  GROWTH.     .1%  ARAB1NOSE.     .2%  DYE. 


Colon 

Dysentery 

Enteritidus 

Para  A . 

ParaB. 

Typhoid 

G. 

Slant 

Color 

Green 

Green 

Green 

Green 

Green 

Green 

B.    C. 

Butt 

Color 

Green 

Green 

Green 

Green 

Green 

Green 

Gas 

+  + 

- 

4~r 

+  + 

++ 

- 

R. 

Slant 

Color 

Pink 

Pink 

Pink 

Pink 

Pink 

Pink 

C.    P. 

Butt 

Color 

Yellow 

Pink 

Yellow 

Yellow 

Yellow 

Pink 

Gas 

++ 

- 

++ 

+  + 

+  + 

- 
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TABLE  2.    24  HOUR  GROWTH.     .1%  DEXTROSE.     .2%  DYE. 


Colon 

Dysentery 

Enteritidus 

Para  A. 

ParaB. 

Typhoid 

G. 

Slant 

Color 

Green 

Green 

Green 

Green 

Green 

Green 

B.    C. 

Butt 

Color 

Green 

Green 

Green 

Green 

Green 

Green 

Gas 

+  + 

- 

+  + 

+  + 

+  + 

- 

R. 

Slant 

Color 

Pink 

Pink 

Pink 

Pink 

Pink 

Pink 

C.    P. 

Butt 

Color 

Yellow 

Pink 

Yellow 

Yellow 

Yellow 

Yellow 

Gas 

+  + 

- 

+  + 

+  + 

+  + 

- 

TABLE  3.     24  HOUR  GROWTH.     .1%  DULCITOL.     .2%  DYE 


Colon 

Dysentery 

Enteritidus 

Para  A. 

Para  B. 

Typhoid 

C. 

G. 

Slant 

Color 

Green 

Green 

Green 

Green 

Green 

Green 

B. 

Butt 

Color 
Gas 

Green 

Green 

Green 

Green 

Green 

Green 

+ 

- 

+  + 

+ 

+ 

- 

P. 

R. 

Slant 

Color 

Pink 

Pink 

Pink 

Pink 

Pink 

Pink 

C. 

Butt 

Color 

Yellow 

Pink 

Yellow 

Pink 

Pink 

Pink 

Gas 

+ 

- 

+  + 

+ 

+ 

- 

TABLE  4.     24  HOUR  GROWTH.     .1%  GALACTOSE.     .2%  DYE. 


Colon 

Dysentery 

Enteritidus 

Para  A. 

Para  B. 

Typhoid 

Slant 

Color 

Green 

Green 

Green 

Green 

Green 

Green 

B.    C.    G. 

Butt 

Color 

Green 

Green 

Green 

Green 

Green 

Green 

Gas 

+  + 

- 

+  + 

+  + 

+  + 

- 

Slant 

Color 

Pink 

Pink 

Pink 

Pink 

Pink 

Pink 

C.    P.    R. 

Butt 

Color 

Yellow 

Pink 

Yellow 

Yellow 

Yellow 

Yellow 

Gas 

+  + 

- 

+  + 

+  + 

++ 

- 

TABLE  5.     24  HOUR  GROWTH.     .1%  LACTOSE.     .2%  DYE 


Colon 

Dysentery 

Enteriridus 

Para  A. 

Para  B. 

Typhoid 

C. 

G. 

Slant 

Color 

Green 

Green 

Green 

Green 

Green 

Green 

B. 

Butt 

Color 

Green 

Green 

Green 

Green 

Green 

Green 

Gas 

+  + 

- 

+- 

+  - 

- 

- 

P, 

R. 

Slant 

Color 

Pink 

Pink 

Pink 

Pink 

Pink 

Pink 

C. 

Butt 

Color 

Yellow 

Pink 

Pink 

Pink 

Pink 

Pink 

Gas 

+  + 

- 

+  - 

+  - 

- 

- 
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TABLE  6.    42  HOUR  GROWTH.     .1%  LEVULOSE.     .2% 

)YE. 

Colon 

Dysentery 

Enteritidus 

Para  A. 

Para  B. 

Typhoid 

Slant 

Color 

Green 

Green 

Green 

Green 

Green 

Green 

B.    C.    G. 

Butt 

Color 

Green 

Green 

Green 

Green 

Green 

Green 

Gas 

++ 

- 

+  + 

+  + 

++ 

- 

Slant 

Color    ; 

Pink 

Pink 

Pink 

Pink 

Pink 

Pink 

C.    P.    R. 

ButfC 

Co}or 

Yellow 

Pink 

Yellow 

Yellow 

Yellow 

Yellow 

Gas 

++ 

- 

+  + 

+  + 

+  + 

- 

TABLE  7.     24  HOUR  GROWTH.     .1%  MALTOSE.     .2%  DYE. 


Colon 

Dysentery 

Enteritidus 

Para  A. 

ParaB. 

Typhoid 

C. 

G. 

Slant 

Color 

Green 

Green 

Green 

Green 

Green 

Green 

B 

Butt 

Color 

Green 

Green 

Green 

Green 

Green 

Green 

Gas 

++ 

- 

+  + 

+ 

+ 

- 

P. 

R. 

Slant 

Color 

Pink 

Pink 

Pink 

Pink 

Pink 

Pink 

C. 

Butt 

Color 

Yellow 

Pink 

Yellow 

Yellow 

Yellow 

Yellow 

Gas 

+  + 

- 

++ 

+ 

+ 

- 

TABLE  8.     24  HOUR  GROWTH.     .1%  MAN  NOSE.     .2%  DYE. 


Colon 

Dysentery 

Enteritidus 

Para  A. 

ParaB. 

Typhoid 

Slant 

Color 

Green 

Green 

Green 

Green 

Green 

Green 

B.    C.    G. 

Butt 

Color 

Green 

Green 

Green 

Green 

Green 

Green 

Gas 

++ 

- 

++ 

+  + 

++ 

- 

Slant 

Color 

Pink 

Pink 

Pink 

Pink 

Pink 

Pink 

C.    P.    R. 

Butt 

Color 

Yellow 

Pink 

Yellow 

Yellow 

Yellow 

Yellow 

Gas 

+  + 

- 

++ 

++ 

++ 

- 

TABLE  9.    24  HOUR  GROWTH.     .1%  RAFFINOSE.     .2%  DYE. 


Colon 

Dysentery 

Enteritidus 

Para  A. 

ParaB. 

Typhoid 

C. 

G. 

Slant 
Butt 

Color 
Color 

Green 

Green 

Green 

Green 

Green 

Green 

B. 

Green 

Green 

Green 

Green 

Green 

Green 

Gas 

+  - 

- 

+  - 

+  - 

+  - 

- 

P. 

H. 

Slant 

Color 

Pink 

Pink 

Pink 

Pink 

Pink 

Pink 

C. 

Butt 

Color 

Pink 

Pink 

Pink 

Pink 

Yellow 

Pink 

Gas 

+  - 

- 

+  - 

+  - 

.+- 

- 

I 
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TABLE  10.     24  HOUR  GROWTH.     1%  RHAMNOSE.     .2%  DYE. 


Colon 

Dysentery 

Enteritidus 

Para  A. 

Para  B. 

Typhoid 

c. 

G. 

Slant 

Color 

Green 

Green 

Green 

Green 

Green 

Green 

B. 

Butt 

Color 

Green 

Green 

Green 

Green 

Green 

Green 

Gas 

++ 

- 

+  + 

+  + 

+ 

- 

p 

R. 

Slant 

Color 

Pink 

Pink 

Pink 

Pink 

Pink 

Pink 

C. 

Butt 

Color 

Yellow 

Pink 

Yellow 

Yellow 

Yellow 

Pink 

Gas 

+  + 

- 

+  + 

++ 

+ 

- 

TABLE  11.     24  HOUR  GROWTH.     1%  SUCROSE.     .2%  DYE. 


Colon 

Dysentery 

Enteritidus 

Para  A. 

ParaB. 

Typhoid 

C. 

G. 

Slant 

Color 

Green 

Green 

Green 

Green 

Green 

Green 

B. 

Butt 

Color 

Green 

Green 

Green 

Green 

Green 

Green 

Gas 

+ 

- 

+  - 

+  - 

'+- 

- 

P. 

R. 

Slant 

Color 

Pink 

Pink 

Pink 

Pink 

Pink 

Pink 

C. 

Butt 

Color 

Pink 

Pink 

Pink 

Pink 

Pink 

Pink 

Gas 

+  - 

- 

+  - 

+  - 

+  - 

- 

TABLE  12.     24  HOUR  GROWTH.     Ac7  XYLOSE.     .2'",,  DYE. 


Colon 

Dysentery 

Enteritidus 

Para  A. 

Para  B. 

Typhoid 

C. 

G. 

Slant 

Color 

Green 

Green 

Green 

Green 

Green 

Green 

B 

Butt 

Color 

Green 

Green 

Green 

Green 

Green 

Green 

Gas 

+  + 

- 

++ 

++ 

++ 

- 

P. 

R. 

Slant 

Color 

Pink 

Pink 

Pink 

Pink 

Pink 

Pink 

0 

Butt 

Color 

Yellow 

Pink 

Yellow 

Pink 

Yellow 

Yellow 

Gas 

+  + 

- 

++ 

+  + 

+  + 

- 

Observations.  The  same  general  observations  might  be  made  as 
regards  these  experiments  as  were  made  in  the  former  case.  It  was 
t®  be  expected  that  chlor  phenol  red  with  its  range  of  5.0-6.6  would  give 
a  better  index  of  the  amount  of  acid  produced  than  did  either  from  cresol 
purple  or  brom  thymol  blue.  As  the  experiments  show  the  amount  of  acid 
produced  by  each  member  of  the  group  is  not  sufficient  and  does  not 
vary  enough  from  the  amount  produced  by  the  other  members  to  make 
further  differentiation  possible.  For  this  reason  brom  cresol  green, 
with  an  acid  range  of  3.6  to  5.0,  gave  no  color  change  even  though 
there  was  plenty  of  fermentation  as  indicated  by  the  gas  produced. 

A  peculiar  thing  about  this  last  observation  is  that  in  beef  bouillon 
with  exactly  the  same  sugars  and  indicators,  there  is  a  color  change 
produced  with  brom  cresol  green.  The  obvious  explanations  are  that 
in  the   agar   cultures  we  have   in  the  first   place,   an   anaerobic  growth 


Further  Studies  with  the  Colon-Typhoid  Group  333 

in  the  stab  while  beef  bouillon  offers  better  aerobic  conditions.  On 
the  other  hand,  the  slant  offers  the  best  aerobic  conditions  possible 
but  here  the  rate  of  diffusion  of  the  by-products  is  interfered  with 
by  the  nature  of  the  medium.  In  other  experiments  not  connected  with 
this  paper  a  Ph  value  of  3.6  was  recorded  for  some  of  these  organisms. 
We  must  also  remember  that  the  acid  production  by  these  organisms 
is  soon  followed  by  the  production  of  alkaline  by-products.  The  color 
change  might  be  on  its  way  when  it  is  overcome  by  the  alkaline  re- 
action. 

Chlor  phenol  red  may  be  classified  with  brom  thymol  blue  and 
brom  cresol  purple  as  indicators  to  be  used  for  the  differentiation  of 
members  of  this  group  using  these  sugars.  It  gives  slightly  better 
results  as  the  changes  are  clearer  and  more  marked. 
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OBSERVATIONS  UPON  THE  ISOLATION  OF  NITRIFYING 

ORGANISMS. 


I.  L.  Baldwin  and  W.  M.  Cross,  Purdue  University. 

The  oxidation  of  ammonia  to  nitrates  by  biological  agencies  is  car- 
ried on  in  two  distinct  steps.  Oxidation  of  ammonia  to  nitrites  is  ac- 
complished by  Nitrosomonas,  a  small  short  rod,  and  the  oxidation  of 
nitrite  to  nitrate  by  Nitrobacter,  a  longer  and  more  slender  rod. 

Since  the  classical  nitrification  experiments  of  Winogradsky  (5,  6, 
7)  in  1890,  many  investigators  have  devoted  considerable  time  and 
thought  to  the  problem  of  the  isolation  of  the  organisms  responsible 
for  these  transformations.  Impure  cultures  of  the  organisms  capable 
of  carrying  on  the  chemical  transformations  have  been  secured  with 
comparative  ease  in  most  cases.  The  problem  of  securing  absolutely 
pure  cultures  of  the  organisms  in  question  without  the  loss  of  their 
characteristic  properties  has  proven  to  be  a  very  difficult  matter  and 
has  been  attended  with  success  in  relatively  few  cases. 

Impure  or  mixed  cultures  have  commonly  been  secured  by  inocu- 
lating an  appropriate  medium  with  soil,  watching  the  progress  of  the 
oxidation  of  ammonia  to  nitrite  or  nitrite  to  nitrate  and  transferring 
to  fresh  media  when  the  oxidation  has  reached  the  maximum  intensity. 
After  several  transfers,  enrichment  cultures  prepared  in  this  way  show 
relatively  few  organisms  other  than  the  nitrifiers,  but  probably  never 
become  absolutely  pure. 

In  order  to  secure  pure  cultures  it  is  necessary  to  plate  the  or- 
ganisms out  and  pick  isolated  colonies  or  to  pick  single  individuals. 
Due  to  the  nature  of  the  growth  of  the  organisms  the  picking  of  single 
individuals  and  subsequent  multiplication  is  attended  with  great  dif- 
ficulties. Under  laboratory  conditions  these  organisms  do  not  develop 
properly  in  the  presence  of  any  considerable  amount  of  soluble  organic 
matter,  consequently  the  ordinary  bacteriological  solidifying  agents  can 
not  be  used  in  the  preparation  of  plates  of  these  organisms.  Agar 
from  which  the  soluble  organic  matter  has  been  thoroughly  washed, 
silica  gels,  and  plaster  of  Paris  blocks  have  been  utilized  in  securing 
isolated  colonies.  Cultures  secured  by  picking  isolated  colonies  from 
these  media  commonly  show  a  loss  or  very  considerable  diminution  of 
the  oxidizing  power. 

Tests  for  purity  of  the  cultures  include  examination  of  the  colonies 
developing  upon  solid  media,  microscopic  examination,  and  testing  for 
growth  in  beef  broth.  The  nitrifiers  will  not  develop  in  beef  broth  and 
the  production  of  growth  in  such  media  is  an  indication  of  contamina- 
tion with  some  organism  other  than  the  nitrifiers. 

Warrington  (1,  2,  3)  and  the  Franklands  (4)  together  with  Wino- 
gradsky (5,  6,  7)  were  some  of  the  early  workers  with  this  problem. 
Among  the  later  workers  the  experiments  of  Beijerinck  (8),  Gibbs   (10) 

"Proc.  Ind.  Acad.  Sci.,  vol.  34,  1924    (1925)." 
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and  Bonazzi  (9,  11,  12,  13)  stand  out  pre-eminently.  The  work  of 
Gibbs  and  Bonazzi  present  excellent  reviews  of  the  literature  and  no 
attempt  will  be  made  here  to  cover  that  phase  of  the  problem. 

In  view  of  the  difficulties  encountered  in  the  isolation  of  these 
organisms,  it  is  felt  that  a  statement  of  the  technique  employed  and  the 
results  obtained  in  this  laboratory  may  be  of  value. 

Technique.  The  media  used  are  in  most  cases  slight  modifications  of 
those  suggested  by  Gibbs  and  are  very  similar  to  those  used  by  Wino- 
gradsky  and  Beijerinck. 

The  liquid  medium  for  nitrite  formation  is  as  follows:  Ammonium 
sulfate,  1.0  gram;  di-potassium  phosphate,  1.0  gram;  sodium  chloride, 
1.0  gram;  magnesium  carbonate,  1.0  gram;  magnesium  sulfate,  0.2 
gram;  ferric  chloride,  trace;  distilled  water,  1000  cc. 

The  liquid  medium  for  nitrate  formation  is  as  follows:  Sodium 
nitrite,  1.0  gram;  sodium  carbonate,  1.0  gram;  di-potassium  phosphate, 
0.5  gram;  sodium  chloride,  0.5  gram;  magnesium  sulfate,  0.3  gram; 
ferric  sulfate,  trace;  distilled  water,  1000  cc. 

The  solutions  were  prepared  in  bulk  and  then  25  cc.  portions  trans- 
ferred to  150  cc.  Erlenmeyer  flasks  which  were  sterilized  in  the  autoclave 
at  15  pounds  pressure. 

For  making  solid  media  a  1.5  per  cent  agar  was  prepared  by  thor- 
oughly washing  the  agar  in  several  changes  of  distilled  water,  then 
dissolving  by  autoclaving  and  clarifying  by  filtering  through  cotton. 
The  agar  was  then  tubed  in  10  cc.  portions  and  sterilized  in  the  auto- 
clave. The  following  solutions  were  prepared  and  sterilized  separately 
by  adding  the  specified  amounts  of  salts  to  100  cc.  of  distilled  water: 
A.  Di-potassium  phosphate,  1.5  grams;  B.  sodium  carbonate,  1.5  grams, 
sodium  nitrite,  1.5  grams;  C.  magnesium  sulfate,  0.45  grams,  sodium 
chloride,  0.75  grams,  and  ferric  sulfate,  0.02  grams;  D.  ammonium  sul- 
fate, 1.5  grams,  magnesium  sulfate,  0.75  grams,  ferric  sulfate,  0.02 
grams;  E.  sodium  chloride,  3.0  grams,  sodium  carbonate,  1.5  grams. 

In  making  Nitrobacter  plates  one  cc.  each  of  solutions  A,  B,  and  C 
were  placed  in  sterile  petri-dishes  with  sterile  pipettes,  the  desired 
inoculum  added  to  the  melted  and  cooled  agar  and  this  poured  into  the 
plate,  which  was  then  thoroughly  mixed.  For  the  cultivation  of  Nitro- 
somonas  one  cc.  each  of  solutions  A,  D,  and  E,  plus  the  agar  were  used. 
To  prevent  the  precipitation  of  the  salts  the  one  cc.  portions  of  the 
various  solutions  should  not  be  allowed  to  mix  until  the  agar  is  added. 

Tests  for  ammonia  were  made  with  Nessler's  Reagent  (14).  Tromms- 
dorf's  Reagent  (14)  was  used  in  testing  for  nitrites  and  Brucin  Reagent 
(14)  was  used  in  testing  for  nitrates. 

Isolations  were  made  from  a  Miami  silt  loam  and  a  Miami  clay 
loam.  The  Miami  clay  loam  was  taken  from  a  field  under  cultivation 
and  was  lighter  in  color  and  contained  less  organic  matter  than  the 
other  soil,  which  was  taken  from  a  blue  grass  meadow.  The  soil  was 
taken  from  two  depths,  one  from  the  upper  six  inches  and  the  othe: 
between  six  and  twelve  inches. 
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The  flasks  containing  the  liquid  media  for  the  formation  of  nitrites 
and  nitrates  were  each  inoculated  with  one  gram  portions  of  soil  from 
each  of  the  sources  and  carried  in  duplicate.  One  cc.  transfers  were 
made  to  fresh  flasks  when  tests  showed  sufficient  oxidation.  Such 
liquid  cultures  secured  by  inoculation  with  soil  and  carried  in  the  en- 
richment process  will  be  referred  to  as  "crude  cultures". 

Crude  Cultures  of  Nitrobacter.  Table  1  records  the  progress  of  the 
oxidation  of  nitrite  to  nitrate  by  the  crude  cultures  secured  as  previously 
described.  Transfers  were  made  in  each  case  as  soon  as  the  cultures 
showed  heavy  nitrate  production,  and  before  all  of  the  nitrite  had  dis- 
appeared. 

From  the  data  it  is  apparent  that  the  variation  between  the  dif- 
ferent soils  is  no  greater  than  the  variation  between  duplicates.  In 
fact  after  the  first  few  transfers  there  is  no  apparent  difference  between 
any  of  the  cultures. 

The  efficiency  of  the  organisms  was  greater  after  the  second  genera- 
tion in  artificial  media.  The  efficiency  of  the  organisms  had  not  de- 
creased at  the  time  the  cultures  were  discontinued  at  the  16th  genera- 
tion, indicating  that  they  might  be  carried  indefinitely  in  such  liquid 
cultures. 

The  length  of  time  between  the  8th  and  9th  generations  is  not  due 
to  any  loss  of  efficiency  in  the  organisms,  but  was  the  result  of  inability 
to  make  tests  and  transfers  at  the  proper  time. 


TABLE  1.    CRUDE  CULTURE  OF  NITROBACTER 

Number  of  days  required  for  each  transfer. 


Miami  Silt  Loam 

Miami  Clay  Loam 

S  irface  Soil 

Subsurl 

ace  Soil 

Surface  Soil 

Subsurface  Soil 

1 

1' 

2 

2' 

3 

3' 

4 

4' 

Fo 

28 

28 

28 

28 

18 

28 

18 

28 

F, 

10 

10 

10 

10 

17 

10 

17 

10 

F3 

4 

4 

4 

4 

7 

4 

6 

4 

F2 

3 

3 

3 

3 

3 

3 

4 

3 

F4 

5 

5 

5 

5 

5 

5 

5 

5 

F5 

2 

2 

2 

2 

2 

2 

2 

2 

F6 

2 

2 

2 

2 

0 

0 

2 

2 

F7 

4 

4 

4 

4 

4 

4 

4 

4 

Fs 

2 

2 

2 

2 

0 

2 

2 

•) 

F9 

14 

14 

14 

14 

14 

14 

14 

14 

Fio 

4 

4 

4 

4 

4 

4 

4 

4 

Fn 

4 

4 

4 

4 

4 

4 

4 

4 

Fu 

3 

3 

3 

3 

3 

3 

3 

3 

Fn 

4 

4 

4 

4 

4 

4 

4 

4 

Fn 

5 

5 

5 

5 

5 

5 

5 

5 

Pi. 

4 

4 

4 

4 

4 

4 

4 

4 

Fl6 

8 

8 

8 

8 

8 

8 

8 

8 

Pure  Cultures  of  Nitrobacter.  To  get  the  Nitrobacter  organism 
isolated  from  other  organisms,  agar  plates  were  made  from  each  of  the 
crude  cultures.  Two  sets  of  plates  were  poured,  one  set  was  incubated 
at  37°  C.  while  the  other  was  incubated  at  room  temperature,  approx;- 
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mately  22°  C.  The  plates  were  examined  every  day  or  two  for  colonies 
After  six  days  incubation  colonies  were  visible  upon  the  plates  incubated 
at  room  temperature.  These  plates  were  examined  under  the  low  power 
of  the  microscope  and  the  different  colonies  located.  Two  types  of 
colonies  were  present,  differing  only  in  color,  one  yellow  and  the  other 
white.  These  colonies  varied  in  their  outline  from  a  fairly  definite  to 
a  less  definite  form  and  were  small  and  round. 

In  order  to  test  these  colonies  one  of  each  was  removed  from  the 
plate  and  placed  in  liquid  medium  for  nitrate  formation.  Four  days 
later  a  test  for  nitrate  showed  its  presence  in  each  of  the  liquid  cul- 
tures in  considerable  amounts. 

Plates  were  again  made  from  each  of  these  flasks.  In  about  eight 
days  colonies  were  found  developing.  The  colonies  which  developed 
resembled  those  from  the  first  plating  and  were  closely  similar  in  ap- 
pearance, varying  from  yellow  to  white  in  color.  Several  of  these 
colonies  were  removed  and  placed  on  agar  slants  of  the  appropriate 
medium.     These  developed  into  long,  scanty,  whitish  streaks. 

To  further  test  these  organisms  they  were  again  placed  in  the 
liquid  medium  for  nitrate  formation,  with  the  result  that  the  nitrites 
were  oxidized  to  nitrates. 

The  organism  isolated  is  rounded  and  slightly  longer  than  it  is 
wide,  being  from  .4  to  .6  microns  by  .8  to  1.2  microns  long.  The  sur- 
face colony  varies  in  its  outline  from  almost  round  to  very  irregular. 
The  growth  is  denser  near  the  center  than  at  the  edge,  which  has  a 
tendency  to  be  granular  with  a  definite  edge.  The  deep  colony  is  oblong 
and  more  regular  in  outline  than  is  the  surface  colony.  Both  the  surface 
and  deep  colonies  vary  in  color  from  almost  pure  white  to  a  creamy 
yellow. 

Crude  Cultures  of  Nitrosomonas.  The  crude  cultures  of  Nitro- 
somonas  were  secured  and  carried  in  the  same  way  as  those  of  Nitro- 
bacter.  Transfers  were  made  in  every  case  as  soon  as  vigorous  oxida- 
tion of  the  ammonia  to  nitrite  occurred.  The  results  of  this  experiment 
are  recorded  in  Table  2,  and  the  data  obtained  justifies  the  following 
statements. 

The  Nitrosomonas  organism  is  much  slower  in  its  oxidation  proc- 
esses than  is  the  Nitrobacter.  Also  the  rate  of  oxidation  varies  con- 
siderably from  time  to  time  and  with  different  cultures. 

The  efficiency  of  the  organisms  of  one  soil  seems  to  be  no  greater 
than  that  of  the  others.  The  organisms  in  the  duplicate  flasks  are  as 
variable  as  the  organisms  of  the  different  soils  in  their  efficiency.  In 
certain  cases  one  of  the  two  duplicates  became  inactive  while  the  other 
retained  its  activity.     No  explanation  can  be  given  for  this  at  present. 

In  those  cultures  remaining  at  the  time  the  experiment  was  dis- 
continued a  slight  increase  in  the  speed  of  oxidation  is  noted  in  the  last 
transfers  when  compared  to  the  first  transfers. 
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TABLE  2.    CRUDE  CULTURES  OF  NITROSOMONAS 
Number  of  days  required  for  each  transfer. 


Miami  Silt  Loam 

Miami  Clay  Loam 

Surface  Soil 

Subsurface  Soil 

Surface  Soil 

Subsurface  Soil 

5 

5' 

6 

6' 

7 

7' 

8 

8' 

F9 

14 

14 

14 

14 

14 

14 

14 

14 

Fj 

18 

26 

20 

15 

15 

13 

13 

18 

F3 

24 

35 

25 

19 

11 

27 

27 

16 

F2 

20 

23 

10 

11 

14 

11 

24 

15 

F4 

12 

23 

9 

20 

13 

20 

20 

17 

F6 

10 

22 

11 

29 

9 

7 

10 

Fs 

12 

11 

14 

10 
12 

11 
14 

21 

F7 

Pure  Cultures  of  Nitrosomonas.  Plate  cultures  were  made  of  the 
Nitrosomonas  organisms  as  in  the  case  of  the  Nitrobacter  and  incubated 
at  the  two  temperatures.  After  a  period  of  ten  days  colonies  were 
visible  upon  the  plates  incubated  at  room  temperature.  The  colonies 
resembled  very  closely  those  of  the  Nitrobacter,  varying  from  white  to 
creamy  yellow.  Agar  slants  were  prepared  from  these  colonies.  In 
about  two  weeks  a  thin  light  spreading  growth  was  visible  to  the  naked 
eye.  Transfers  from  these  to  the  liquid  medium  for  nitrite  formation 
showed  oxidation  of  the  ammonia  to  nitrite  after  a  period  of  about  two 
weeks.  Oxidation  in  several  cases  appeared  to  be  much  slower  than  in 
the  crude  cultures  of  Nitrosomonas. 

The  organism  isolated  was  round  to  oval  in  shape,  varying  from 
.5  to  .8  microns  in  width  and  .6  to  .9  microns  in  length.  The  colony  on 
agar  plates  was  slightly  more  irregular  than  the  Nitrobacter  colony, 
but  otherwise  resembled  it  very  closely.  The  color  varied  from  whitish 
to  almost  brown. 

Summary.  I.  The  enrichment  culture  process  used  did  not  seem 
to  injure  the  oxidizing  power  of  the  Nitrobacter.  However,  in  the  case 
of  Nitrosomonas  more  variable  results  were  secured.  Certain  cultures 
lost  their  ability  to  oxidize  ammonia  while  others  seemed  to  gain  in 
their  oxidizing  power. 

II.  Agar  plates  and  slants  were  used  with  success  in  growing  both 
Nitrobacter  and  Nitrosomonas.  Cultures  transferred  from  agar  into 
liquid  media  still  retained  their  power  of  oxidation. 

III.  Nitrobacter  is  much  more  rapid  in  its  oxidation  processes  than 
is  Nitrosomonas  when  carried  in  pure  or  relatively  pure  cultures. 

IV.  The  kind  of  soil  and  the  depth  from  which  the  samples  were 
taken  seemed  to  exert  no  permanent  effect  upon  the  oxidizing  efficiency 
of  the  nitrifiers. 
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EXALTATION    OF    AN    ATTENUATED    STRAIN    OF 
TRYPANOSOMA  BRUCEI. 


Chas.  A.  Behrens,  Purdue  University. 

We  think  of  a  micro-organism  as  a  more  or  less  fixed  definite  thing 
undergoing  changes  which  result  in  a  difference  of  functions.  Its  char- 
acteristic properties  may  be  enhanced  or  diminished;  that  is  there  may 
be  an  upward  or  a  downward  trend  as  to  its  activities.  Let  us,  for  in- 
stance, consider  the  yeast  plant.  Under  varying  conditions  of  tem- 
perature and  media,  it  will  produce  different  per  cents  of  alcohol.  The 
same  principle  is  true  for  the  properties  causing  the  souring  of  milk, 
heat,  light,  gas,  color  production,  etc. 

Among  the  rest  of  the  functions,  is  the  change  of  an  organism's 
ability  to  grow  in  the  animal  body.  This  is  termed  virulence,  and  when 
it  is  intensified  it  is  referred  to  as  exaltation,  and  when  the  virulence 
is  lessened,  decreased,  it  is  known  as  attenuation.  The  latter  is  brought 
about  relatively  easily  and  the  methods  of  so  doing  are  rather  numer- 
ous, while  it  is  much  more  difficult  and  the  ways  are  fewer  to  exalt  an 
organism. 

Exaltation:  The  enhancing  of  the  virulence  of  micro-organisms 
may  be  accomplished  by  repeated  serial  passage  through  susceptible 
animals.  An  excellent  example  of  this  is  seen  in  Pasteur's  work  of 
standardizing  the  varying  so-called  "street  virus"  of  Rabies,  Hydrophobia, 
by  repeated  transfer  to  rabbits  until  it  killed  these  animals  uniformly 
on  the  sixth  or  seventh  day.  It  required  270  such  passages  in  order  to 
definitely  establish  its  virulence.  Each  species  of  animal  is  in  a  class 
by  itself  in  this  respect.  The  bacillus  of  hog  erysipelas  was  standard- 
ized in  pigeons. 

In  some  instances  it  is  difficult  to  bring  about  exaltation  in  this  way 
because  the  parasite  is  present  only  in  very  small  numbers  and  a  rea- 
sonable dose  of  the  germ  may  not  be  able  to  break  down  the  animal's 
normal  resistance. 

Animal  passage  along  with  another  organism  (microbic  association) 
at  times  accomplishes  the  desired  result  where  other  methods  fail.  That 
usually  is  the  case  in  tetanus  and  is  important  in  intestinal  infections. 
In  the  latter  case,  the  vibiro  of  Asiatic  cholera  when  associated  with 
another  organism  results  in  a  perfect  infection,  whereas  the  disease 
otherwise  is  produced  with  difficulty. 

Another  method  which  to  some  extent  is  similar  to  the  one  just 
mentioned  is  the  introduction  of  the  organism  into  the  animal  body  plus 
a  chemical  such  as  lactic  acid.  A  lactic  acid  producing  organism  might 
give  rise  to  the  same  desired  reaction. 

Passage  in  vivo  with  the  organism  enclosed  within  collodion  or  other 
semi-permeable  membranes  as  expounded  by  the  author  in  a  previous 

"Proc.  Ind.  Acad.  Sci.,  vol.  84,  1924    (1925)." 
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article1  also  gives  excellent  results.  Similarly  the  inoculation  of  the 
organism  into  an  area  in  the  body,  the  sole  of  the  foot,  where  the 
phagocytes  do  not  enter,  may  increase  its  disease-producing  qualities. 
Frequent  consecutive  transplantation  of  the  organism  upon  a  medium 
containing  blood  serum  and  other  body  fluids  tends  to  increase  its 
pathogenic  properties,  especially  if  cultivation  has  been  upon  ordinary 
laboratory  media. 

Attenuation:  The  weakening  of  an  organism  as  regards  to  certain 
properties  was  first  quite  accidentally  discovered.  Pasteur  '80  and  his 
associates  during  the  summer  set  aside  their  culture  of  chicken  cholera 
and  when  their  work  with  it  was  resumed  in  the  fall,  found  that  it  was 
harmless  when  injected  in  fowl. 

This  effect  upon  other  organisms  was  soon  studied  and  now,  of 
course,  it  is  a  common  occurrence. 

Growth  upon  artificial  media  is  unfavorable  to  and  always  results 
in  attenuation  of  the  pathogenic  organisms.  In  some  cases  a  very  few 
passages  in  vitro  will  suffice  to  destroy  pathogenicity.  Such  organisms 
as  cholera,  typhoid,  and  many  others  soon  lose  their  infectivity  powers. 
Anthrax  loses  its  toxicity  slowly,  as  does  the  bacillus  of  tuberculosis. 
Trypanosoma  Brucei,  to  which  the  latter  part  of  this  article  will  be 
devoted,  required  three  years  before  a  perceptible  change  in  pathogenic- 
ity was  noticed. 

If  instead  of  selecting  a  very  susceptible,  a  relatively  insusceptible 
(resistant)  animal  is  used,  attenuation  of  the  organism  ensues.  The 
classical  example  of  this  is  the  smallpox  virus  attenuation  by  passage 
through  the  heifer. 

Temperature  plays  an  important  role.  We  know  that  60°  C.  for 
a  short  time  will  kill  pathogenic  organisms.  And  consequently,  if  we 
heat  at  55°  C.  or  50°  or  even  at  45°  for  a  certain  length  of  time,  at- 
tenuation will  occur.  Most  pathogenic  organisms  prefer  to  grow  at 
body  temperature  (3rl1/20  C),  so  that  if  we  incubate  them  at  40-42°  C. 
deteriorating  results  follow. 

Heat  may  not  be  the  only  deciding  factor.  Oxygen  or  its  absence, 
and  especially  metabolic  products,  have  their  effect. 

Growth  in  gradually  increasing  concentrations  of  chemical  sub- 
stances such  as  phenol  will  cause  organisms  to  lessen  their  activities. 

Most  of  the  organisms,  if  not  all,  are  seriously  affected  if  not  killed 
by  exposure  to  direct  sunlight;  even  ordinary  light  has  its  effects. 

Dessication  almost  instantly  kills  the  vibiro  of  cholera  and  affects 
other  organisms. 

Pasteur  utilized  this  principle  in  his  rabies  treatment.  He  dried 
the  spinal  cord  containing  the  virulent  virus  over  caustic  soda  and  ob- 
tained varying  degrees  of  attenuation. 

An  interesting  and  important  point  in  connection  with  exaltation 
and  attenuation  is  in  the  case  of  Trypanosoma  Brucei,  the  cause  of 
nagana  in  cattle." 

1  37th    Proc.   Ind.   Acad.    Sci.,   pp.   69-73.    1921. 

2  38th   Proc.   Ind.   Acad.   Sci.,   pp.   233-245,   1922. 
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This  one-celled  flagellate  after  three  and  one-half  years'  cultivation 
in  vitro3  became  markedly  attenuated  so  that  it  no  longer  infected  rab- 
bits, and  was  practically  avirulent  for  the  guinea  pig.  It,  however,  was 
slightly  pathogenic  for  the  extremely  susceptible  rat. 

A  pair  of  rats  were  inoculated  with  this  markedly  attenuated  strain 
of  nagana  and  two  sets  of  experiments,  A  and  B,  were  carried  out. 

In  set  A,  rats  were  injected  with  the  blood  taken  from  the  infected 
animal  at  the  first  appearance  of  the  parasite  in  the  blood  stream,  which 
was  ten  days  after  the  inoculation. 

As  soon  as  the  trypanosome  was  observed  in  the  blood  of  the  second 
pair  of  rats,  two  more  animals  were  inoculated.  In  like  manner  other 
pairs  of  healthy  rats  were  injected.  That  is,  in  all  cases,  the  rats  were 
inoculated  with  blood  taken  from  infected  rats  as  soon  as  the  presence 
of  the  trypanosome  could  be  demonstrated  and  at  no  time  was  the  num- 
ber of  parasites  great  (1/10  or  1/20  per  field,  number  7  objective). 

In  a  similar  way  in  set  B,  healthy  rats  were  injected  with  try- 
panosomal  blood  just  before  the  infection  proved  fatal  when  the  or- 
ganisms were  extremely  numerous   (about  200  per  field). 

In  set  A,  it  required  34  serial  animal  passages  to  restore  the  try- 
panosome to  its  original  pathogenicity  so  that  it  killed  rats  regularly 
from  three  to  five  days.  While  in  set  B,  its  virulence  was  fully  re- 
gained after  eight  such  passages. 

The  outcome  of  these  experiments  can  be  explained  from  several 
standpoints.  First,  in  set  A,  the  parasite  was  present  in  very  small 
numbers  and  a  reasonable  dose  was  not  able  to  break  down  the  animal's 
normal  resistance,  while  in  set  B,  the  number  of  organisms  was  always 
large  and  consequently  the  rat's  refractoriness  was  easily  overcome. 
Second,  in  trypanosomiasis  there  is  practically  no  demonstrable  degree 
of  immunity  which  in  no  way  might  interfere  with  the  development  of 
the  parasite.  Thirdly,  the  virulence  of  the  trypanosome  in  the  experi- 
ments carried  out  under  B  was  being  constantly  enhanced  by  its  develop- 
ment in  the  same  rat,  that  is,  it  was  the  equivalent  to  serial  passage  of 
the  parasite  through  a  susceptible  animal  body.  This  could  not  occur  in 
experiments  conducted  in  set  A. 

3  Jour,  of  Infect.  Diseases,   Vol.   15,   No.   1,   July,   1914,   pp.   24-62. 
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PHOTORECEPTORS  IN  THE  EARTHWORM,  LUMBRICUS 

TERRESTRIS. 

Walter  N.  Hess,  DePauw  University. 

By  means  of  a  small  beam  of  intense  light  it  was  possible  to  show: 
that  all  segments  of  the  earthworm  are  sensitive  to  light;  that  the 
prostomium  is  most  sensitive,  and  that  sensitivity  decreases  gradually 
from  this  region  posteriorly  toward  the  middle  of  the  body;  that  the 
posterior  portion  of  the  animal  is  more  sensitive  than  the  middle  region ; 
and  that  the  ventral  and  intersegmental  regions  of  the  body  are  not 
sensitive  to  light  except  at  the  anterior  and  posterior  ends  of  the  animal. 

The  cells  in  the  epidermis  of  the  earthworm  that  have  been  de- 
scribed by  previous  workers  have  been  designated  as  tactile-sense  cells, 
covering  cell,  gland  cells,  supporting  cells,  basal  cells  and  "Lichtzellen". 
Hesse1  thought  that  these  latter  cells,  the  "Lichtzellen",  might  be  light 
receptors. 

In  order  to  determine  the  distribution  of  each  of  these  cells  in  the 
photosensitive  and  non-photosensitive  regions  of  the  earthworm's  body, 
two  definite  regions  were  selected  for  study;  one  that  had  been  found 
to  be  very  sensitive  to  light,  the  dorsal  region  of  the  prostomium;  the 
other  in  a  region  that  was  not  sensitive  to  light,  the  ventral  region  of 
segment  40.  Each  type  of  cell  referred  to  above  was  found  in  both 
regions  in  abundance  except  the  "Lichtzellen"  which  were  absent  from 
the  ventral  region  of  segment  40. 

The  above  data  led  to  a  more  extensive  survey  of  the  distribution 
of  the  "Lichtzellen",  and  it  was  found  that  they  are  the  only  cells  that 
do  not  occur  in  the  non-photosensitive  regions,  that  are  present  in  the 
photosensitive  regions.  Moreover,  the  number  of  these  cells  was  found 
to  vary  in  accordance  with  the  photosensitivity  of  the  animal,  which  is 
very  suggestive  of  their  being  photoreceptor  cells. 

In  addition  to  occurring  in  the  epidermis,  these  cells  were  also  found 
in  certain  nerve  enlargements  of  the  prostomium,  and  the  caudal  segment. 

Individual  cells  as  well  as  nerve  enlargements  containing  groups  of 
these  cells  were  removed  from  the  animal,  placed  in  two-thirds  strength 
Locke's  solution,  and  observed  under  the  microscope  in  the  living  state. 
Various  methods  of  throwing  light  upon  these  cells,  both  laterally  and 
ventrally,  were  employed,  and  it  was  found  that  irrespective  of  the 
direction  of  illumination  the  inner  regions  of  these  cells  cause  the  rays 
of  light  to  be  brought  to  a  focus  at  the  outer  border  of  a  characteristic 
intracellular  structure  which  we  propose  to  designate  the  optic  organelle. 
In  every  case  the  focal  point  of  light  was  on  the  opposite  side  of  the  or- 
ganelle from  where  the  illumination  entered  the  cell. 

1  Hesse,  R.  1896.  Untersuchungen  uber  die  Organe  der  Lichtemfindungen  bei 
niederen  Thieren.  I.  Die  Organe  der  Lichtemfindunsen  bei  den  Lumbriciden.  Zeit.  f. 
wiss.      Zool.   Bd.   61,   pp.   394-419. 
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It  is  possible  to  rupture  these  cells  when  they  are  mounted  in  cul- 
ture media,  by  applying  pressure  to  the  cover  glasses.  Under  such 
conditions  a  dense  liquid  which  is  very  refractive  to  light  remains, 
while  the  remaining  parts  of  the  cell  disintegrate. 

Preparations  by  silver  nitrate  technique  show  that  the  optic  or- 
ganelles are  composed  of  a  large  inner  hyaline  region  that  is  surrounded 
by  a  network  of  anastomosing  neurofibrils.  Moreover,  these  preparations 
also  show  that  this  network  is  connected  with  the  neurofibrils  of  a  nerve 
that  enters  each  cell. 

The  fact  that  the  inner  region  of  the  optic  organelles  refract  light, 
and  the  fact  that  this  refracted  light  is  brought  to  a  focus  upon  the 
neurofibrillar  network  which  forms  the  outer  border  of  the  optic  or- 
ganelle in  such  a  way  as  to  suggest  that  this  network  is  directly  con- 
cerned in  the  reception  of  nerve  stimulation,  leads  us  to  call  the  inner 
hyaline  region  a  lens  and  its  outer  neurofibrillar  border  a  retinella. 

The  optic  organelles  vary  considerably  in  size,  shape  and  location 
within  the  individual  cells.  Some  appear  more  or  less  ellipsoidal  but 
they  are  usually  cylindrical  in  form.  These  cylindrically  shaped  optic 
organelles  are  frequently  bent  within  the  cell,  and  not  infrequently  the 
bending  is  so  intricate  that  a  single  organelle  occupies  three  different 
planes.  No  matter  what  the  shape  and  position  of  the  lenses  of  the 
optic  organelles  may  be,  they  usually  focus  light  upon  a  portion  of  the 
network  of  the  retinellae. 

We  are  led  to  state  that  these  data  support  the  suppositions  that 
the  "Lichtzellen"  function  in  light  reception;  that  the  inner  structure 
of  these  cells,  the  optic  organelle,  is  the  primary  functional  agent  in 
light  reception;  that  the  inner  hyaline  portion  of  the  optic  organelle  is 
a  lens;  and  that  its  outer  neurofibrillar  border  functions  in  the  recep- 
tion of  nerve  stimuli  and  hence  is  a  retinella.  Moreover,  since  these 
cells  function  in  light  reception  they  must  be  photoreceptors,  and  the 
names  indicating  a  visual  function  that  we  have  used  in  our  description 
of  the  optic  organelle  and  its  parts  within  the  photoreceptor  cells  are 
thus  justified. 

A  comparison  of  the  different  structures  in  the  photoreceptor  cells 
of  the  earthworm  with  those  of  leeches  shows  that  the  two  types  of 
cells,  except  for  pigment,  contain  homologous  structures. 
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FURTHER    OBSERVATIONS    ON    THE    FUNCTION    OF 
THE  EARWIG  FORCEPS. 


W.  P.  Morgan,  Indiana  Central  College. 

In  a  former  paper1  the  writer  gave  the  results  of  observations  and 
experiments  which  seemed  to  show  conclusively  that  the  earwig  forceps 
are  used  primarily  as  organs  of  combat.  Since  several  writers,  espe- 
cially in  text-books,  have  referred  to  them  as  being  used  as  claspers  in 
mating,  it  seemed  advisable  to  extend  the  observations  with  reference 
to  the  use  of  the  forceps  during  the  mating  process.  Of  the  few  con- 
tributions dealing  with  the  function  of  the  earwig  forceps  only  two 
papers2  were  found  that  dealt  with  this  subject  in  detail.  These  authors 
expressed  their  doubt  as  to  the  use  of  the  forceps  as  claspers  in  mating 
but  did  not  give  the  basis  for  their  doubt3.  The  following  observations 
were  made  during  the  past  summer  at  the  Indiana  University  Biological 
Station  with  earwigs4  collected  in  Florida,  Louisiana  and  California. 
The  large  brown  Florida  earwig  (Labidura  bidens  Oliv.)1  used  in  former 
experiments  was  the  most  favorable  for  observation. 

The  insects  under  observation  were  kept  in  uncovered  tin  containers 
partially  filled  with  sand  and  plant  debris  and  placed  in  subdued  light, 
conditions  which  very  nearly  resemble  their  normal  habitat.  Both  sexes 
would  seek  hiding  places  in  crevices  and  under  objects.  When  left  un- 
disturbed for  a  few  minutes  those  females  not  already  hidden  would 
begin  burrowing  in  a  manner  that  might  be  described  as  "dog  fashion". 
The  front  legs  were  used  alternately  in  starting  the  digging  and  as 
several  grains  of  sand  were  scraped  back  this  was  moved  further  by 
the  second  and  third  legs.  The  real  digging  was  accomplished  by  the 
front  legs  that  moved  much  more  rapidly  than  the  others ;  however,  the 
mandibles  were  used  at  times  in  dragging  out  large  objects.  Occa- 
sionally the  males  would  burrow  similar  to  the  females.  Although  sev- 
eral individuals  burrowed  entirely  below  the  surface,  the  females,  espe- 
cially before  mating,  often  remained  with  only  their  forceps  protruding 
from  the  burrow.  It  was  in  this  situation  the  males  usually  found  the 
females,  thus  offering  excellent  opportunity  for  the  observation  of  the 
mating  habits. 

The  males,  after  finding  the  females,  would  turn  quickly  in  the 
opposite  direction  and  then  move  backward   toward  the  female.     Here 

1  Notes  on  the  function  of  the  Forceps  of  Earwigs.  Proc.  Ind.  Acad.  Sci.,  Vol.  33, 
1923  (1924).  (Figure  1  of  this  paper  is  Labidura  bidens  Oliv.  and  figure  2  Anisolabis 
maritima  Bon.,    Caudell   det.) 

2  Sopp,  E.  J.  B.  Calipers  of  Earwigs.  28th  Proc.  Lancashire  &  Cheshire  Entomo- 
logical  Soc.     1905. 

3  de  Kerville,  Henri  Gadeau.  Notes  Sur  Les  Fonctions  De  La  Pince  Des  Insectes 
Orthopteres   De   La  Famille  Des   Forficulides. 

4  The  writer  is  indebted  to  A.  N.  Caudell,  U.  S.  National  Museum,  Washington, 
D.  C,  for  the  identifications  of  the  earwigs  referred  to  in  this  paper. 
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the  mobility  of  the  abdomen,  described  in  connection  with  the  use  of 
the  forceps  during  combat,  was  seen  to  place  the  male  opposite  the 
female.  Throughout  the  whole  process  the  male  would  hold  his  forceps 
so  that  the  tips  were  nearly  together  and  at  no  time  were  they  used  in 
the  grasping  or  scissor-like  actions  seen  in  fighting.  The  female  when 
thus  approached  by  a  male  would  curve  her  abdomen  upward  and  keep 
her  forceps  open  but  they  were  never  used  in  any  scissor-like  movement 
during  the  mating  process.  The  female  often  rotated  her  abdomen  from 
the  horizontal  plane  while  the  male  placed  the  posterior  portion  of  his 
abdomen  in  a  plane  parallel  to  that  of  the  female.  Usually  the  ventral 
surfaces  of  both  sexes  were  opposite.  The  genitalia  of  the  earwigs  are 
not  brought  in  contact  by  any  clasping  structures  but  copulation  is 
effected  by  the  penis  which  is  in  part  chitinous  and  quite  protruscible. 
Its  length  in  forms  dissected  was  about  half  the  length  of  the  male 
forceps  but,  under  certain  conditions,  it  was  seen  in  the  living  insect  to 
extend  to  a  length  equal  to  that  of  the  forceps. 

Several  cases  were  observed  where  two  males  were  attracted  by  the 
same  female.  This  invariably  resulted  in  a  combat  between  the  males. 
They  would  rush  toward  each  other  with  the  abdomen  raised  above  the 
head  and  forceps  opened  wide,  in  scorpion-like  posture,  and  with  the 
scissor-like  strokes  either  frighten  their  adversary  away  or  lock  him  in 
a  death  grip.  Several  such  encounters  were  seen  to  end  in  fatalities 
and  in  some  instances  the  vanquished  male  was  eaten  by  the  winner  and 
the  female. 

The  writer  observed  in  the  dissection  of  several  individuals  of  dif- 
ferent species  that  the  length  of  the  penis  varied  directly  with  the 
length  of  the  forceps.  This  condition  seemed  to  hold  in  the  species 
having  short  curved  forceps  as  well  as  those  having  the  long  straight 
ones.  Due  to  this  relationship  existing  between  the  length  of  the  penis 
and  the  length  of  the  male  forceps  it  seemed  probable  that  the  forceps 
act  as  an  actual  obstruction  in  the  mating  process  which  has  been 
structurally  offset  by  the  length  of  the  copulatory  organ. 

In  conclusion  the  writer  is  convinced  that  the  earwig  forceps  do  not 
act  as  claspers  during  mating. 
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FORMALDEHYDE    ANTIDOTAL   TO    "IVY    POISONING.' 


Robert  Hessler. 

Susceptibility  to  poiscn  ivy  varies  greatly,  as  most  persons  know. 
Some  persons  are  very  susceptible  and  get  a  frightful  eruption  on  even 
a  slight  exposure  or  contact,  perhaps  followed  by  pus  infection,  par- 
ticularly if  there  has  been  much  scratching  in  seeking  to  get  relief 
from  the  intolerable  itching.  Pus  infection  is  of  course  a  complication, 
and  may  produce  disfiguration  of  the  skin. 

The  writer  himself  is  scarcely  affected  by  the  common  poison  ivy 
(Rims  toxicodendron),  known  also  as  three-leafed  ivy;  but  he  is  quite 
susceptible  to  the  swamp  sumach  or  poison  tree  (Rhus  venenata  or 
remix),  found  in  the  tamarack  swamps  of  northern  Indiana,  and  during 
repeated  poisonings  all  sorts  of  applications  were  made  in  the  hope  of 
finding,  if  not  a  cure,  at  least  prompt  relief. 

A  number  of  years  ago  the  writer  discovered  that  a  dilute  solution 
of  formaldehyde  acted  "like  a  charm".  But  wherever  the  skin  was 
broken  the  solution  produced  smarting,  which,  however,  was  readily 
overcome  by  adding  a  little  phenol  or  carbolic  acid.  It  was  further 
quickly  learned  that  by  applying  the  solution  thinly  at  once  after  an 
exposure,  no  eruption  at  all  appeared.  However,  if  any  evidence  did 
appear  a  few  hours  later,  or  even  the  next  day,  an  application  at  once 
checked  it. 

Experimentally,  bottles  of  the  solution  were  supplied  to  a  number 
of  persons,  for  trial  in  case  of  an  acute  attack — verifying  the  writer's 
experience.  Persons  with  an  old  eruption  and  broken  skin  belong  to  a 
different  category,  and  may  require  a  different  treatment. 

To  the  old  experienced  ivy-poisoning  victim  and  to  the  dermatologist 
who  is  constantly  called  upon  to  treat  cases  the  headline  tells  the  story 
in  a  few  words.  The  average  physician  may  exclaim:  "What,  another 
new  remedy — to  be  added  to  the  hundreds  of  old  ones."  But  the  physi- 
cian knows  that  formaldehyde  is  a  powerful  remedy,  and  he  also  knows 
that  improperly  used  it  may  do  harm — it  must  be  used  in  dilute  solution. 

Have  your  druggist  make  up  an  ounce  or  two  of  IVY  POISON 
ANTIDOTE.  Formaldehyde  one  part,  phenol  one  part,  water  twenty- 
five  parts.  Keep  in  a  bottle  with  a  cotton  swab  fastened  in  the  cork. 
Directions:  Apply  thinly  as  soon  as  possible  after  an  exposure.  If 
needed,  may  repeat  once  or  twice,  after  a  few  hours  or  the  next  day. 
Be  careful. 
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FURTHER  NOTE  ON  THE  TREATMENT  OF  RHUS 
POISONING. 


0.  P.  Terry,  Purdue  University. 

To  this  Academy,  in  1921,  was  reported1  a  thorough  treatment  for 
Rhus  poisoning.  Since  this  report  was  made  many  cases  have  been 
treated  successfully  by  the  treatment.  The  average  length  of  time  re- 
quired for  a  cure  has  been  about  eight  days  from  the  date  of  appear- 
ance of  the  dermatitis.  No  cause  for  criticism  has  been  found  with  the 
treatment  except  that  recovery  is  relatively  slow. 

In  September  of  this  year  the  author's  attention  was  called2  to  an- 
other drug  which  has  been  successfully  used  by  a  local  physician",  now 
retired.  Such  marvelous  cures  were  reported  following  its  use  that  the 
writer  has  prescribed  it  in  three  cases, — all  that  have  presented  them- 
selves for  treatment  since  learning  of  it. 

In  these  few  cases  recovery  has  been  rapid,  averaging  about  four 
days,  without  even  much  discomfort  attending  the  dermatitis. 

The  treatment  as  now  prescribed  consists  of  the  following  steps. 
The  first  two  are  the  same  as  formerly  used. 

(1)  Thoroughly  wash  the  exposed  skin  with  a  heavy  lather  of 
laundry    (strongly  alkaline)    soap  in  warm  water,  using  a  soft  brush. 

(2)  Immediately  mop  off  the  skin  with  cotton  saturated  with  ethyl 
alcohol   (denatured  with  phenol  is  preferable). 

(3)  Apply  a  wet  dressing  composed  of  cheesecloth  saturated  and 
kept  wet  with  a  10  per  cent  decoction  of  Verbena  (blue  Vervain)  leaves. 
This  is  to  be  continued  until  the  skin  returns  to  normal.  No  other  ap- 
plications are  necessary. 

This  method  of  treatment  of  a  common  condition  is  here  given  in 
the  hope  that  some  of  you  (if  so  unfortunate  as  to  get  poisoned)  will 
try  it  and  report  your  results.  The  complete  success  of  the  method 
cannot  be  vouched  for,  because  of  the  few  cases  so  far  treated,  but  it 
seems  promising. 

1  Terry,    O.    P.      Proceedings   of   Indiana   Academy   of   Science,    1921,    p.    141. 

2  Zufall,   C.   J.      Purdue   University,   in  litt. 

3  Wetheril,  R.  B.,  Lafayette,  Ind. 
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STUDIES   IN   LIFE    HISTORY   AND   CONTROL   OF   HOG 

LUNGWORMS. 


George  Zebrowski,  Villanova  College,  Pa. 

This  paper  is  a  supplement  to  a  preliminary  report  published  two 
years  ago  in  these  Proceedings,  and  deals  further  with  the  life  history 
and  bionomics  of  the  two  hog  lungworms  Metastrongylus  apri  and  M. 
brevivaginatus.  These  worms  are  typical  of  the  superfamily  Stron- 
gyloidea,  which  comprises  a  widely  prevalent  and  abundant  group  of 
vertebrate  parasites. 

The  males  of  this  superfamily  may  be  identified  by  a  conspicuous 
caudal  bursa,  which  is  a  broad  membranous  organ  supported  usually  by 
six  paired  and  one  unpaired  costae.  These  costae,  or  rays,  extend  out- 
ward from  a  common  center  very  much  like  the  fingers  of  a  hand,  and 
form  an  efficient  clasping  apparatus  used  in  copulation.  Two  spicules, 
variously  modified  in  structure,  are  also  present  in  the  males.  These 
are  attached  to  the  seminal  vesicle  by  bulb-like  expansions  and  doubt- 
less also  serve  in  copulation.  The  females  are  invariably  larger  than 
the  males,  and  show  the  more  generalized  nematode  characteristics. 
The  vulva  is  posterior  to  the  middle  of  the  body,  while  the  anus  is 
terminal.  In  those  genera  which  comprise  the  lungworms  of  this  dis- 
cussion, the  females  are  all  viviparous.  Both  sexes  possess  a  mouth 
with  six  lips  or  papillae,  but  the  buccal  capsule  is  generally  missing. 
The  following  list  comprises  most  of  the  strongyloid  worms  that  have 
been   reported  from   domesticated   animals  in  this  and  other  countries: 

Horse Dictyocaulus    arnfieldi    Railliet    and    Henry 

1907. 

Cattle Dictyocaulus  viviparus  (Bloch  1782)  Rail- 
liet and  Henry  1907. 

Metastrongylus  pulmonaris  Sluiter  and 
Swellengrebel  1912. 

Syngamus  laryngeus  Railliet  1899. 

Sheep   and  goats.  ......... .Dictyocaulus     filaria     Railliet     and     Henry 

1907a. 
Synthetocaulus  rufescens  Railliet  and  Henry 
1907a. 

Swine    Metastrongylus  apri  Henry  1907. 

M.  brevivaginatus  Railliet  and  Henry  1907. 

Dog Haemostrongylus   vasorum    (Railliet    1906) 

Neveu-Lamaire  1912. 

Cat    S  ynthetocaulus    abstrusus     (Railliet    1898) 

Railliet  and  Henry  1907. 

"Proc.  Ind.   Acad.  Sci.,  vol.  34,  1921    (1925)." 
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technique. 

It  may  be  appropriate  at  this  point  to  give  briefly  the  technique 
which  was  developed,  and  which  proved  of  value  in  conducting  these 
studies.  Most  authorities  on  the  subject  of  lungworms  still  maintain 
that  it  is  impossible  a  raise  worms  in  the  laboratory  that  are  taken 
directly  from  the  lungs.  The  writer  desires  to  correct  this  statement, 
which  undoubtedly  has  discouraged  investigation  along  this  line,  by  as- 
serting that  such  statements  have  no  basis  in  fact.  Hog  lungworms, 
taken  directly  from  the  lungs,  can  be  readily  grown  in  soil,  provided 
a  few  simple  precautions  are  observed. 

Material.  The  strongyles  of  this  discussion  were  procured  at  a 
local  slaughter  house,  and  no  difficulty  was  experienced  at  any  time  in 
obtaining  them  in  quantity.  The  lungs  containing  these  parasites  were 
readily  distinguished  by  the  anaemic  infarcts,  which  are  very  character- 
istic, and  which  make  identification  an  easy  matter.  Such  infested  areas 
were  cut  out,  and  the  pieces  of  tissue  were  placed  into  glass  jars  in 
which  they  were  carried  to  the  laboratory.  It  is  best  to  dissect  out 
these  parasites  the  same  day  they  are  obtained,  but  they  may  be  left 
over  night  in  a  refrigerator,  providing  the  temperature  is  a  few  degrees 
above  freezing.  The  worms  lie,  as  a  rule,  in  numbers  at  the  terminal 
portions  of  the  smaller  bronchia.  Best  results  are  obtained  if  these 
bronchia  are  cut  open  with  finely  pointed  scissors,  when  practically  the 
entire  mass  of  worms  may  be  lifted  out  at  a  single  operation.  If  this 
material  is  desired  for  histological  study,  very  delicate  forceps  must  be 
used,  otherwise  many  worms  will  be  crushed.  From  these  infarcts  the 
worms  should  be  placed  directly  into  salt  solution  in  a  shallow  glass 
dish.  This  salt  solution  should  have  a  fairly  high  density  (12  grams 
NaCl  to  a  liter  of  water).  The  ordinary  physiological  salt  solution  is 
not  sufficiently  dense,  the  result  being  that  great  numbers  of  nematodes 
will  swell  and  burst  if  placed  into  such  a  medium.  Lungworms  were 
kept  alive  in  the  above  salt  solution  for  nine  days  when  it  was  changed 
daily  and  thoroughly  aerated. 

Killing  and  fixing.  Specimens  intended  for  whole  mounts  or  his- 
tological studies  should  be  killed  at  once  by  dropping  them  into  hot 
salt  solution  or  Carnoy's  fluid.  The  salt  solution  as  a  killing  agent  is 
in  some  ways  superior  to  Carnoy's,  Zenker's  or  other  killing  fluids. 
Living  worms  possess  a  cuticle  that  is  very  permeable  to  gases  and 
fluids.  Practically  all  parasitic  nematodes,  if  placed  in  tap  water,  will 
swell  and  burst  in  a  very  short  time,  showing  there  is  a  rapid  inter- 
change of  fluids  through  the  body-walls.  Even  dead  alcoholic  material, 
trachinae  for  example,  will  exhibit  active,  life-like  movements  when 
placed  upon  a  slide  under  a  microscope.  These  movements  will  continue 
as  long  as  evaporation  takes  place  or  if  some  other  fluid  of  lesser 
density  be  added.  Undoubtedly  the  activity  of  such  a  dead  worm  can 
be  explained  only  on  the  basis  that  there  is  a  rapid  and  violent  inter- 
change of  liquids  of  different  osmotic  pressures  through  the  walls  of 
the  parasite.     However,  when   such  a  nematode  is  killed  and  fixed  by 
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the  usual  methods,  it  is  almost  impossible  to  obtain  a  ready  diffusion  of 
stains  or  balsam  in  subsequent  stages.  Apparently  some  chemical  re- 
action takes  place  between  the  killing  fluid  and  the  substance  compris- 
ing the  body  wall  of  the  worm,  rendering  the  same  impervious.  Com- 
parative studies  with  different  killing  agents  have  shown  that  better 
results  are  obtained  in  whole  mounts  if  the  nematodes  are  killed  in  hot 
water  or  salt  solution  only.  The  killing  solution  should  be  hot  but  not 
boiling.  A  temperature  of  90°  C.  gave  uniformly  the  best  results.  The 
worms  may  be  dropped  into  such  hot  solution  singly  or  in  bulk,  when 
most  forms  will  straighten  out  at  once. 

After  they  are  killed  the  specimens  should  be  transferred  to  a 
formol-glycerin-acetic  fixing  solution,1  in  which  they  can  remain  indefi- 
nitely. It  has  been  determined  that,  so  far  as  parasitic  nemas  are  con- 
cerned, the  details  are  sharper  in  whole  mounts  when  the  specimens 
are  fixed  in  this  solution  than  is  the  case  when  other  fixatives  are  used. 
Best  results  were  obtained  when  the  specimens  were  allowed  to  remain 
in  the  above  solution  for  several  days  before  mounting.  The  swelling 
power  of  the  acetic  acid  counteracts  the  shrinkage  caused  by  the  for- 
malin, so  that  the  tissues  show  little  distortion  in  the  final  mounts. 

Staining.  The  stains  which  gave  the  best  results  with  nematodes 
were  Delafield's  iron  hematoxylin  counter-stained  with  eosin,  and 
Schneider's  acid  carmine.  The  last  stain  gave  excellent  results  but  was 
somewhat  exacting  in  its  preparation  and  use.  For  this  reason  the 
former  combination  of  stains  was  chiefly  used,  and  was  especially  useful 
in  histological  work.  Practically  all  the  steps,  preliminary  to  mounting, 
were  carried  out  in  small  stender  dishes  with  ground  glass  covers  to 
exclude  the  dust.  The  procedure  for  using  the  above  stains  is  briefly 
as  follows: 

1  Remove  worms  from  fixing  solution  and  place  in  hematoxylin  for 

24  hours. 
2.  Destain  with  acid  alcohol  until  specimens  are  of  a  light  brown 

color. 

3  Counterstain  with  eosin  for  24  hours. 

4  Destain  with  95  per  cent  alcohol. 

5  Place  nematode  on  a  clean  slide  and  cover  with  a  cover-glass. 
Wrap  a  few  turns  of  white  thread  around  the  slide  and  cover 
glass  to  keep  the  latter  in  place  and  to  compress  the  nematode. 

6  Place  slide  into  carbol-xylol  for  24  hours. 

7  Place  in  xylol  for  24  hours. 

8  Remove  cover-glass  and  cover  nematodes  with  dilute  balsam;  re- 
place cover,  and  add  more  balsam  as  it  dries  out  from  under  the 
cover-glass. 

Very  satisfactory  whole  mounts  were  obtained  by  the  use  of  the 
above  method,  and  with  the  exception  of  the  last  step  little  difficulty 
was  experienced  in  the  process.  Occasionally  a  refractory  specimen 
was  found  that  was  difficult  to  infiltrate  with  balsam.     In  such  a  case 

1  1 0    per    cent   formalin    solution 90  c.  c. 

Glycerin     9  c.  c. 


Glacial     acetic    acid. 


5  c.  c. 
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it  was  removed  from  the  slide  and  placed  into  a  stender  dish  contain- 
ing balsam  of  sufficient  dilution  so  that  infiltration  did  take  place.  For 
this  purpose  it  was  found  adequate  to  have  four  dilutions  of  ordinary 
commercial  balsam,  namely  1:4,  1:3,  1:2  and  1:1.  The  last  figure  in 
each  case  represents  the  proportion  of  xylol  that  was  employed,  In  the 
use  of  this  method  the  nematodes  were  placed  directly  into  the  weakest 
balsam,  in  which  they  were  allowed  to  remain  for  24  hours.  They  were 
then  transferred  to  each  of  the  denser  grades  in  which,  in  turn,  they 
remained  for  the  same  length  of  time. 

The  method  outlined  above  possesses  advantages  over  others  com- 
monly recommended,  in  that  it  was  more  economical  in  the  use  of  ma- 
terials, and  yielded  uniformly  better  results.  The  differentiator  and 
string  siphon  methods,  as  generally  employed  for  mounting  nematodes, 
used  much  greater  quantities  of  expensive  reagents  and  yielded  results 
that  were  little  if  any  better  than  the  above.  In  the  case  of  micro- 
scopic nemas,  such  as  the  lungworm  larvae  of  this  discussion,  all  the 
necessary  steps  of  killing,  fixing,  staining  and  infiltrating  with  balsam 
were  carried  out  in  half-ounce  vials,  24  hours  being  allowed  for  each 
step  in  the  process.  Transfers  of  liquids  were  effected  with  pipette, 
the  vial  being  shaken  each  time  and  then  allowed  to  stand  until  the 
nemas  separated  out  by  sedimentation.  The  excess  of  liquid  was  then 
readily  removed  with  a  pipette. 

Specimens  showed  least  distortion  when  only  small  steps  were  taken 
in  transferring  to  the  different  dilutions.  For  example,  when  the  trans- 
fer was  made  from  alcohol  to  carbol-xylol,  the  steps  in  effecting  this 
change  were  approximately  as  follows:  3:1,  2:1,  1:1,  0:1.  The  last 
figures  in  these  dilutions  represent  the  amounts  of  carbol-xylol  that 
were  used.  All  the  steps  in  the  above  method  were  carried  out  in  a 
single  vial,  in  which  also  the  balsam  infiltration  was  effected.  By  this 
means  the  nemas  were  ready  to  mount  on  a  slide  when  the  process  was 
completed. 

Propagation.  Little  difficulty  was  encountered  in  growing  young 
worms,  taken  directly  from  the  lungs,  when  the  right  environmental 
conditions  were  provided.  It  was  found  that  these  larvae  are  very  sus- 
ceptible to  moisture  and  temperature  changes,  to  bacteria  and  decom- 
position products,  and  to  proper  aerobic  conditions.  For  this  series  of 
experiments  small,  earthenware  pots  were  used,  and  gave  uniformly  the 
best  results.  The  optimum  soil  types  were  mentioned  at  length  in  the 
preliminary  report,  and  will  therefore  be  omitted  from  the  present  dis- 
cussion. 

Separation  from  the  soil.  To  separate  the  young  nemas  from  the 
soil,  a  simple  sieve-funnel  apparatus  was  devised  which  proved  very 
satisfactory.  The  sieve  was  of  copper  and  improvised  from  a  piece  of 
fly-screen  wire,  nine  inches  square.  This  was  turned  up  at  the  edges 
to  form  a  trap  two  inches  deep.  The  funnel  was  of  glass,  ten  inches 
in  diameter,  and  to  its  bottom  was  attached  a  piece  of  rubber  tubing 
kept  closed  with  a  pinch-cock.  When  ready  for  use  the  apparatus  was 
assembled  by  supporting  the  funnel  firmly  in  an  iron  stand,  and  then 
filling  it  with  water  to  within  an  inch  of  the  top.     Into  the  sieve  were 
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next  placed  a  thin  layer  of  sterile  absorbent  cotton,  and  on  this  a  layer 
of  soil  one  inch  deep.  Finally,  the  sieve  was  lowered  slowly  into  the 
funnel,  in  which  it  remained  suspended  for  24  hours.  By  this  method 
very  clean  separations  were  effected,  most  of  the  nemas,  contained  in 
the  sample  of  soil,  working  their  way  through  the  cotton  and  becoming 
aggregated  at  the  pinch-cock. 

LIFE    HISTORY 

Detailed  experiments  dealing  with  the  habits  and  life-history  of 
these  parasites  are  given  in  the  preliminary  report  already  mentioned. 
In  this  paper  only  such  factors  will  be  considered  as  help  to  evaluate 
the  whole  problem.  The  following  summary  is  based  upon  the  examina- 
tion of  several  hundred  affected  hog  lungs,  and  incidental  experiments 
conducted  for  over  three  years. 

The  development  of  the  infarcts  of  typical  infested  lungs,  falls  natu- 
rally into  three  groups.  These,  for  convenience,  may  be  designated  as 
the  diffuse,  the  firm,  and  the  infiltrated  types.  Freshly  infested  areas 
are  pink  in  color,  and  invariably  of  a  swollen  and  spongy  texture.  This 
condition  has  been  found  due  to  the  active  migrations  of  young  larvae 
through  the  lung  substance.  As  these  larvae  develop,  they  migrate 
toward  the  posterior  tips  of  the  lungs,  where  they  finally  lodge  in  the 
terminations  of  the  smaller  bronchioles.  Here  they  grow  rapidly  in 
size,  living  upon  the  blood  and  lymph  exudate  of  the  host.  In  about 
six  weeks  these  larvae  become  sexually  mature.  The  worms  and  the 
mucous  that  surrounds  them  effectively  clog  up  the  openings  in  which 
they  occur  so  that  air  can  not  penetrate  to  the  remoter  areas  of  the 
lung.  As  a  result  the  tissue  becomes  edematous  and  assumes  a  char- 
acteristic gray  color.  Such  areas  are  always  sharply  denned 
from  the  surrounding  pink  tissues  of  the  lung.  As  the  infestation 
progresses,  there  is  a  gradual  effusion  of  watery  fluids  from  the  capil- 
laries into  the  alveoli  of  these  spaces.  Parasitic  waste  products  also 
accumulate,  and  as  a  result  the  affected  areas  become  necrotic,  hard 
and  watery  to  the  touch  and  of  a  purple  color.  Another  factor  often 
observed  in  the  course  of  these  investigations  was  the  common  occur- 
rence of  bacterial  infections  associated  with  these  parasites.  Of  course 
not  every  verminiferous  lung  showed  bacterial  infection,  but  as  a  rule, 
where  infection  did  exist  parasitic  infarcts  could  also  be  found.  For 
example,  out  of  a  group  of  100  pneumonic  lungs,  83  were  found  to  be 
infested  with  worms  also.  Probably  these  worms  do  not  carry  infection 
themselves,  but  the  watery  tumors  which  they  produce  undoubtedly 
make  excellent  culture  media  for  any  bacteria  that  chance  to  find  their 
way  into  the  lungs. 

The  transfer  of  these  parasites  from  host  to  host  can  be  effected 
in  a  variety  of  ways.  The  commonest  method  is  for  the  larvae  to  find 
their  way  from  the  lungs  into  the  digestive  tract,  from  which  in  turn 
they  are  excreted  with  the  feces.  By  this  means  the  hog  lot  becomes 
heavily  infested  in  a  very  short  time.  The  larvae,  remaining  active  and 
continuing  their  development  in  the  soil,  become  infective  in  about  five 
days.     They  were  readily  found  in  the  sweepings  of  hog  houses,  and  in 
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hog  wallows.  These  facts  indicate  the  need  of  exercising  greater  care 
along  preventive  and  sanitary  regulations  in  swine  husbandry. 

Returning  now  to  their  development,  it  was  found  that  these  nemas 
persist  indefinitely  in  the  soil.  For  the  first  four  weeks,  growth  is  very 
rapid  and  is  characterized  by  frequent  moults,  rapid  differentiation,  and 
profound  changes  in  metabolism.  Some  cultures  containing  these  worms 
were  subject  to  repeated  dessication,  to  mild  antiseptics  such  as  one 
per  cent  phenol,  five  per  cent  copper  sulphate,  and  top  dressings  of 
lime  and  wood  ashes,  all  with  apparently  little  effect.  The  accompany- 
ing graph  shows  the  growth  attained  by  these  parasites  within  labora- 
tory cultures  for  different  intervals  of  time.  The  lungworm  larvae,  upon 
which  these  measurements  were  based,  were  grown  in  small  earthen- 
ware pots  of  sterile  soil.  Twenty  of  these  small  pots  containing  humus 
soil  were  sterilized  at  one  time,  and  divided  into  two  equal  groups. 
Ten  sexually  mature  lungworms  were  then  placed  into  each  pot,  making 
a  total  of  100  worms  for  each  group.  Into  the  pots  of  the  first  group 
were  placed  only  the  largest,  adult  female  lungworms,  namely,  those 
over  4  cm.  in  length.  Into  the  other  ten  pots  were  placed  the  smallest 
lungworms  that  could  be  found.  These  were  all  under  3  cm.  in  length, 
the  average  being  about  2.5  cm.  Clean  grass  seed  was  then  planted  in 
each  pot.  These  soil  cultures  were  kept  in  a  greenhouse,  watered  with 
distilled  water,  and  examined  at  weekly  intervals. 

In  every  pot  two  kinds  of  larvae  could  always  be  found,  namely, 
a  stout,  sluggish  form  and  an  active,  slender  form.  At  about  eight 
weeks  of  age  these  slender  larvae  showed  a  small  bursa  and  spicules 
at  the  posterior  end.  There  is  no  question,  therefore,  that  they  were 
males,  and  by  elimination,  it  can  be  assumed  that  the  thick  larvae  were 
females.  The  measurements  given  in  the  graph  (fig.  1)  are  expressed  in 
millimeters,  and  represent  averages  derived  by  selecting  at  random  ten 
larvae  of  both  kinds  from  every  sample  of  soil. 

It  was  a  relatively  simple  matter  to  trace  the  development  of  these 
nemas  within  the  soil,  but  the  same  could  not  be  said  of  their  develop- 
ment within  the  body  of  the  host.  The  occurrence  of  these  forms  within 
the  entire  digestive  tracts  of  several  pigs  that  were  dissected,  would 
indicate  contaminated  food  and  water  as  prime  factors  in  dissemination. 
This  probability  becomes  further  strengthened  by  the  successful  in- 
festation through  feeding  described  in  the  preliminary  report.  Dif- 
ferent larval  stages  have  also  been  found  throughout  the  respiratory 
tract,  and  in  the  sinuses  of  the  head.  As  sweepings  of  hog  houses  con- 
tained these  nemas  in  abundance,  it  is  quite  probable  that  these  larvae 
can  be  breathed  in  by  the  host. 

Another  method  of  ingress  that  suggested  itself  was  the  possibility 
that  these  parasites  may  burrow  directly  through  the  skin.  To  test 
this  theory  two  young  rats  were  placed  into  infested  water  in  a  tall 
glass  jar  so  adjusted  that  only  their  heads  protruded.  Five-weeks-old 
larvae  were  used  for  this  experiment  and  the  rats  were  left  in  contact 
with  them  for  ten  hours.  After  this  the  rats  were  killed  and  washed 
thoroughly  in  running  tap  water,  when  the  skin  was  carefully  removed. 
Examination  of  scrapings  from  the  dermis  of  both  rats  yielded  nega- 
tive results,  as  did  also  the  liver,  blood,  spleen  and  other  organs  that 
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were   examined.      It   may  be   inferred,   therefore,   that   infestation    does 
not  take  place  readily,  if  at  all,  by  this  method. 

Experimental  evidence  would  indicate  that  the  larvae  which  find 
their  way  into  a  pig  do  not  migrate  directly  to  the  lungs.  Apparently, 
a  definite  cycle  exists,  during  which  the  lungworm  larvae  persist  in  dif- 


Fig.    1.      Graph   showing  the   rate  of   growth   of   the   two   species   of   lungworm   larvae 
in   laboratory   soil   cultures. 


ferent  organs  for  varying  lengths  of  time.  The  contention  for  this 
cycle  is  based  on  the  following  series  of  experiments,  which  indicate 
that  such  a  course  is  highly  probable  if  not  entirely  correct: 

Experiment  1. — Two  rats  were  restricted  for  a  whole  week  to  a 
diet  of  heavily  infested  lung  tissue.  Daily  examination  of  feces  was 
made,  but  only  dead  larvae  were  found.  The  rats  showed  no  ill  effects 
from  their  diet,  and  when  killed,  12  hours  after  the  last  feeding,  nc 
infestation  of  any  kind  was  observed.  Some  lungworm  larvae  were 
found  in  the  intestine,  but  these  were  inactive  and  seemed  to  have 
undergone    digestion.      No    living    larvae    were    found    in    the    different 
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organs  that  were  examined.  Infested  lung  tissue  was  then  fed  to  two 
pigs  with  the  same  negative  result.  It  can  be  assumed,  therefore,  that 
worms  and  larvae  taken  directly  from  the  lungs  are  non-infective. 

Experiment  2. — In  this  experiment  four  rats  were  used,  and  into 
the  hind  leg  of  each  was  injected,  subcutaneously,  a  1  c.c.  salt  solution 
suspension  of  living  lungworm  larvae.  The  larvae  injected  into  the 
first  two  rats  were  taken  from  the  lungs  of  hogs,  while  those  injected 
into  the  second  pair  of  rats  had  been  grown  in  soil  cultures  in  the 
laboratory  and  were  five  weeks  of  age.  After  20  days  all  four  rats 
were  killed  and  examined.  The  first  pair  of  rats  showed  only  a  few 
disintegrated  nemas  at  the  site  of  injection.  The  second  pair  of  rats 
contained  several  larvae  in  the  liver  and  lungs,  and  in  one  of  these 
rats  two  gravid  females  were  also  found,  tightly  coiled  in  the  intestine. 
From  these  results  it  may  be  inferred  that  pigs  are  also  parasitized 
through  abrasions  in  the  skin,  or,  more  likely,  through  the  renal  and 
anal  openings.  The  wallowing  habits  of  the  host  would  indicate  such 
a  mode  of  ingress  a  highly  probable  one. 

Experiment  3. — Five  albino  rats  weighing  about  150  grams  each, 
were  used  for  this  experiment,  and  were  starved  for  two  days  prior  to 
the  initial  test.  On  October  8,  1922,  several  hundred  lungworm  larvae 
were  fed  to  each  rat  on  pieces  of  bread.  The  first  rat  was  killed  and 
examined  after  ten  hours,  when  many  active  larvae  were  found  through- 
out the  whole  digestive  tract.  No  infestation  was  observed  in  any  of 
the  other  organs.  A  second  rat  was  killed  20  hours  after  this  first 
feeding.  Upon  dissection,  the  larvae  were  found  localized  in  the  small 
intestine,  only  a  few  occurring  in  the  stomach  and  colon.  Pieces  of 
tissue  from  the  liver,  lungs  and  spleen,  compressed  between  two  slides 
and  examined  under  the  microscope,  yielded  negative  results.  The  same 
procedure  was  followed  with  the  three  remaining  rats,  which,  however, 
were  given  two  additional  feedings  of  larvae.  The  results  of  all  of 
these  tests  are  indicated  in  Table  1.  The  larvae  used  to  perform  this 
experiment  were  taken  from  cultures  grown  in  the  laboratory  and  were 
four  and  five  weeks  of  age. 


TABLE  1.   the  course  of  migrating  lungworm  larvae  in  albino  rats 


Rat 


No.  1 


No.  2 


No.  3 


No.  4 


No.  5 


Age  of  larvae. 


Rats  Killed 


Intestine. 
Liver. . . . 
Lungs. .  .  . 
Spleen.  .  . 
Blood... 
Feces .  .  . . 


-f     Living  larvae  fo'jnd. 
—     No  living  larvae  found. 
*     Dead  larvae  found. 


4  weeks 


Date  of  Feeding Oct.   8 

1922 


After 
10  hours 


4  weeks 


Oct.  8 


After 
20  hours 


4  weeks 

5  weeks 
5  weeks 

Oct.  8 
11 
14 

Oct,  15 

+ 


4  weeks 

5  weeks 
5  weeks 

Oct.  8 
11 

U 

Oct.  23 


4  weeks 

5  weeks 
5  weeks 

Oct,  8 
11 
14 

Nov.  4 
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An  analysis  of  the  facts  thus  far  considered  reveals  several  points 
of  interest.  Undoubtedly  the  important  morphological  changes  that  these 
parasites  undergo  in  the  first  few  weeks  after  they  leave  the  maternal 
uterus,  accounts  for  the  fact  that  they  are  non-infective  until  they 
attain  a  degree  of  development  in  the  soil.  It  is  apparent  from  the 
experiments  given  that  infestation  of  a  host  is  not  a  direct  process.  A 
definite  cycle  is  traversed,  during  which  the  larvae  persist  for  varying 
lengths  of  time  in  other  organs.  Thus  for  the  first  24  hours  they  can 
be  found  only  in  the  intestine.  Later  they  occur  in  the  liver  and  spleen, 
and  only  after  some  15  days  do  they  make  their  appearance  in  the 
lungs  of  the  host.  The  intestine  that  harbors  these  larvae  always  pre- 
sents a  red,  inflamed  appearance,  due  doubtless  to  the  burrowing  action 
of  the  parasites,  as  they  can  be  found  imbedded  in  numbers  in  the 
musoca.  From  the  intestine  they  very  likely  find  their  way  into  the 
blood,  by  which  in  turn  they  are  carried  to  the  liver  and  other  organs. 
This  seems  to  be  the  most  probable  course  even  though  the  experiment 
cited  above  does  not  entirely  uphold  this  view. 

Possibly  the  reason  no  larvae  were  found  in  the  blood  was  due  to 
faulty  technique.  In  performing  this  test,  the  blood  was  obtained  by 
inserting  the  needle  of  a  syringe  into  the  heart  of  an  anaesthetized  rat. 
About  1  c.c.  of  blood  was  thus  withdrawn,  laked  with  acetic  acid,  and 
examined  in  a  Syracuse  watch  glass  under  the  microscope.  It  is  quite 
possible  that  the  larvae  may  have  been  overlooked  by  this  method,  espe- 
cially if  they  were  present  only  in  small  numbers. 

STUDIES    IN    CONTROL. 

The  inaccessibility  of  these  lungworms  to  any  of  the  common  an- 
thelmintics, at  once  complicates  the  problem  of  their  control.  Unfor- 
tunately no  systematic  studies  of  this  nature  have  been  attempted,  due, 
no  doubt,  to  the  common  impression  that  these  parasites  cause  little 
injury  to  the  host.  Such  literature  as  is  available  is  of  a  semi-popular 
nature  where  inference  rather  than  experiment  is  made  the  basis  of 
discussion.  Most  attempts  at  direct  control  may  be  divided  into  two 
groups,  namely,  intertracheal  injections  and  the  use  of  various  fumi- 
gants,  all  designed  to  kill  by  direct  contact.  The  annual  report  of  the 
Bureau  of  Animal  Industry  for  1900  recommends  the  following,  pre- 
sumably scientific,  treatment  for  lungworms  in  calves  and  sheep: 

"Success  is  more  certain  with  fumigations,  as  they  penetrate  directly 
to  the  worms,  stupefy  them,  and  induce  fits  of  coughing  that  cause  ex- 
pulsion. They  are  practiced  in  buildings  from  which  all  forage  is  pre- 
viously removed,  and  which  are  well  closed.  Into  these  the  diseased 
animals  are  introduced,  and  on  a  red-hot  shovel  are  placed  rags,  horns, 
feathers,  hair,  old  pieces  of  leather,  empy-reumatic  oil,  tar,  juniper  ber- 
ries, asafetida,  etc.  The  intensity,  duration,  and  number  of  these  fumi- 
gations are  graduated  as  the  sheep  become  accustomed  to  them.  At  firs:, 
once  a  day  may  suffice,  and  then  the  intensity  should  be  moderate  and 
the  duration  about  ten  minutes;  afterwards  two,  and  finally  three,  may 
be  given  during  the  day,  each  lasting  for  twenty  minutes.  Kowalewsky 
says  he  has  obtained  very  good  results  from  similar  fumigations.  Fumi- 
gations with  chlorine,  sulphur,  and  sulphuret  of  mercury  or  cinnabar 
have  been  recommended,  but  they  are  dangerous." 
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"(Stephen  recommends  as  follows:  Put  about  forty  lambs  at  a 
time  into  air-tight  house,  and  place  tar,  sulphur,  and  turpentine  in  a 
pot  of  burning  coals,  suspended  by  a  chain  from  the  ceiling  and  brought 
as  near  to  the  heads  of  the  animals  as  possible.  The  fumes  are  to  be 
allowed  to  fill  the  house,  and  more  ingredients  are  added  as  required, 
the  lambs  being  kept  in  the  place  for  twenty-five  minutes  each  time, 
and  the  process  to  be  repeated  on  three  occasions.) " 

Assuredly,  a  lamb  that  can  withstand  such  drastic  treatment  should 
have  little  difficulty  in  withstanding  a  few  lungworms.  Even  the  dev- 
otees of  the  above  methods  admit  that  they  are  dangerous  in  unprac- 
ticed  hands.  In  view  of  the  resistance  possessed  by  these  parasites,  it 
is  more  than  probable  that  any  poison  effective  in  their  control  would 
be  apt  also  to  injure  the  lung  parenchyma  beyond  repair.  So  far  as 
pigs  are  concerned,  intertracheal  injections  are  not  practical  and  could 
be  accomplished  only  with  great  effort.  In  view  of  the  many  difficulties 
presented  and  the  questionable  results,  this  method  of  approach  was  not 
seriously  considered.  However,  it  is  just  to  admit  that  a  chemical  highly 
specific  for  lungworms  might  exist.  For  pigs  at  least,  such  a  substance 
should  be  administered  by  way  of  the  blood  and  not  by  direct  contact 
with  the  parasites. 

From  the  consistently  negative  results  reported  by  most  workers 
along-  the  lines  of  treatment  suggested  above,  it  was  deemed  advisable 
to  attack  this  problem  from  an  entirely  different  standpoint,  namely, 
that  of  immunity.  In  practically  all  forms  of  verminiferous  infestation, 
young  animals  show  a  much  greater  susceptibility  than  do  the  older 
animals.  This  is  noticeably  true  in  the  case  of  lungworms.  Young  pigs 
are  the  greatest  sufferers,  and  harbor  these  parasites  in  abundance. 
Mature  hogs,  on  the  other  hand,  are  practically  immune,  although  most 
of  them  will  show  in  the  lungs,  old,  infiltrated  infarcts,  the  sites  of 
former  infestations. 

These  facts  could  be  readily  explained  on  the  assumption  that  they 
are  due  to  an  active  immunity  acquired  by  the  host  through  the  absorp- 
tion of  toxins  secreted  by  the  parasites.  These  waste  products  passing 
into  the  blood  stream  stimulate  the  production  of  antibodies  which  in 
turn  become  toxic  to  the  worms.  In  this  way  a  gradual  resistance  could 
be  built  up,  rendering  the  host  immune  from  further  attacks.  Ap- 
parently this  is  what  actually  takes  place,  for  the  natural  elimination 
of  worms,  from  the  lungs  that  once  harbored  them,  can  not  be  explained 
readily  in  any  other  way. 

The  above  line  of  reasoning  was  made  the  basis  of  a  series  of  ex- 
periments, in  which  it  was  attempted  to  immunize  the  host  against  the 
specific  lungworm  proteins.  To  do  this,  various  salt-solution,  alcohol, 
and  ether  extracts  of  dried  lungworms  were  prepared,  and  their  effects 
noted  upon  the  blood  of  the  pig  and  of  other  animals  in  vitro  and  in 
vivo.  The  results  obtained  are  by  no  means  conclusive,  yet  they  do 
suggest  latent  possibilities  that  might  be  developed  if  an  exhaustive 
study  were  made  of  this  subject. 

Studies  with  salt  solution  extracts  of  lungworms.  For  the  purpose 
of  this  and  subsequent  experiments,  dried  lungworm  powder  was  used, 
which  was  prepared  in  the  following  manner:     The  tumors  containing 
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the  worms  were  first  washed  in  distilled  water  and  emptied  into  a  clean 
glass  dish  in  which  they  were  cut  open  and  removed.  The  worms  were 
then  placed  into  a  fine  sieve,  washed  thoroughly  with  distilled  water, 
and  spread  out  in  a  Petri  plate  in  which  they  were  left  to  dry  over 
night  in  an  incubator  at  35°  C.  In  the  morning  the  worms  were 
scraped  from  the  bottom  of  the  plate  with  a  glass  slide  and  the  result- 
ing dry  powder  was  stored  in  a  dessicator  until  ready  for  use.  Ex- 
tracts from  these  worms  were  then  prepared  by  triturating  half  a  gram 
of  the  powder  in  100  c.c.  of  physiological  normal  salt  solution  for  20 
minutes.  Dissolution  of  the  powder  was  conveniently  effected  with  the 
aid  of  glass  beads  in  a  large  Erlenmeyer  flask.  When  completed,  the 
solution  was  rendered  sterile  by  passing  through  a  Berkfeldt  filter. 

The  worm  extracts  thus  prepared  were  injected  subcutaneously  into 
four  pigs.  Five  injections  were  given  at  intervals  of  five  days.  Six 
days  after  the  last  injection,  50  c.c.  of  blood  was  withdrawn  from  the 
tail  of  each  pig,  which  was  defibrinated  and  centrifuged  to  obtain  the 
serum.  Two  samples  each  of  the  defibrinated  blood  and  serum  were 
then  poured  out  into  sterile  Petri  plates,  and  into  each  some  living, 
partly  grown  larvae  or  mature  lungworms  were  introduced.  The  re- 
sults of  this  experiment  are  given  in  tabular  form  in  Table  2.  The 
assumption  was  that  if  any  antibodies  were  elaborated  in  the  blood  of 
the  pigs  against  the  specific  protein  of  the  lungworms,  this  fact  should 
be  evidenced  by  the  death  of  such  lungworms  as  came  into  contact  with 
the  blood.  Assuming  that  this  contention  is  correct,  then  the  results 
were  negative  insofar  as  neither  the  mature  lungworms  nor  larvae  were 
killed  when  placed  into  the  above  samples  of  blood.  None  of  the  pigs 
showed  any  ill  effects  from  the  injections  they  received,  and  from  the 
results  it  is  evident  that  salt  solution  extracts  of  lungworms  cause  no 
appreciable  reactions  in  the  blood  of  the  host. 

TABLE  2.  The  reactions  of  Lungworms  and  Larvae  to  blood  of  pigs  injected 
p-  with  Salt-Solution  Extracts  of  Lungworm  Powder 

Injections  No. 

1st. 

2nd. 

3rd. 

4th. 

5th. 

Reactions  of 

parasites 

To  defibrinated 
blood 

Larvae  _  _ 

Adults  _ 

To  blood  serum 

Larvae  —  —  —  _ 

Adults  —  —  _  _ 

Explanation: 

1.  Injections  were  made  into  the  peritoneum  with  a  hypodermic  syringe. 

2.  The  lungworm  larvae  were  three  weeks  of  age. 

3.  Ten  adult  worms  were  placed  into  each  Petri  plate;  five  males  and 
five  females. 

4.  Physiological  salt  solution  was  used  in  the  proportion  of  lOOcc.  to  .5 
gm.  of  lungworm  powder,  in  making  up  this  series  of  worm  extracts. 


).  .0763 

No.  .0764 

No.  .0765 

No.  .0766 

lOcc. 

lOcc. 

lOcc. 

lOcc. 

20cc. 

20cc. 

20c  c. 

20cc. 

40c  c. 

40c  c. 

40c  c. 

40cc. 

50cc. 

50c  c. 

50cc. 

50cc. 

50cc. 

50c  c. 

50c  c. 

50c  c. 
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The  next  question  that  naturally  arose  was,  "What  is  the  specific 
response  that  these  parasites  produce?"  for  it  is  inconceivable  that 
pathogenic  changes  could  go  on  without  some  corresponding  adjustment 
in  the  blood  of  the  host.  To  answer  this  question,  a  series  of  blood  tests 
were  conducted  with  different  extracts  derived  from  these  worms. 

These  studies  developed  the  fact  that  salt  solution  extracts  of  lung- 
worms  are  non-toxic,  non-hemolitic,  and  do  not  prevent  the  clotting  of 
blood.  Albino  rats  injected  with  these  extracts  likewise  showed  no  ill 
effects,  even  when  they  received  as  high  as  one  cubic  centimeter  of  solu- 
tion per  100  grams  of  body  weight.  Lungworms  when  placed  into  the 
blood  of  such  treated  rats  remained  alive  for  over  five  clays,  showing 
that  no  specific  antibodies  were  produced. 

Studies  with  alcohol  extracts  of  lungworms.  Alcohol  extracts  of 
lungworms  were  prepared  in  the  same  way  as  the  above,  except  that 
absolute  alcohol  was  used  as  a  solvent.  The  light  amber  colored  fluid 
thus  obtained  was  evaporated  to  a  gray  consistency  after  filtering,  and 
this  was  administered  as  a  suspension,  in  minimum  quantities  of  sterile 
salt  solution.  This  suspension  was  also  used  in  a  series  of  tests  to  de- 
termine its  effect  upon  the  blood  of  various  animals. 

Inter-peritoneal  injections  of  this  suspension  were  given  to  two  pigs. 
Five  injections  were  given  five  days  apart,  and  subsequent  procedure 
was  the  same  as  that  given  in  Table  2.  The  response  of  this  pair  of 
pigs  was  strikingly  different  from  those  injected  with  salt  solution  ex- 
tracts of  lungworms.  After  every  injection  there  were  marked  symp- 
toms of  pain  and  labored  breathing,  which  subsided  only  after  several 
hours.  Five  days  after  the  last  injection  of  50  c.c.  of  the  suspension, 
both  pigs  were  bled  by  cutting  of  a  piece  of  the  tail.  Fifty  cubic  centi- 
meters of  blood  were  thus  obtained  from  each  pig,  and  this  was  cen- 
trifuged  and  poured  out  into  sterile  petri  plates.  Living  worms  and 
larvae  were  introduced  into  this  serum  as  in  the  previous  experiment. 
Under  the  microscope  the  larvae  showed  active  signs  of  irritation,  be- 
coming noticeably  less  active  within  an  hour,  and  ceasing  to  move  en- 
tirely after  ten  hours.  The  mature  worms  taken  from  the  lungs  like- 
wise showed  irritation,  but  continued  to  live  for  three  days.  Worms  in 
the  blood  serum  of  normal  pigs  and  of  pigs  injected  with  salt  solution 
extracts  remained  alive  for  seven  days,  beyond  which  time  it  was  found 
impossible  to  keep  the  serum  from  decomposing. 

Experiments  conducted  with  rats  and  guinea-pigs  showed  that  alco- 
hol extracts  of  lungworm  powder  were  highly  toxic,  and  produced 
prompt  reactive  symptoms.  Where  the  salt  solution  extracts  could  be 
administered  in  practically  unlimited  amounts,  even  small  injections  of 
the  alcoholic  suspensions  into  rats  gave  prompt  reactions,  characterized 
by  labored  breathing,  lassitude,  and  marked  congestion  of  the  lungs. 
In  one  rat  prompt  anaphylaxis  and  death  occurred,  when  .1  c.c.  of  the 
suspension  was  given  ten  days  after  an  injection  of  .5  c.c.  of  the  same 
suspension. 

These  alcoholic  suspensions  were  also  found  to  be  thermostable, 
highly  haemolitic,  and  non-specific,  as  the  same  results  were  obtained 
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with  the  blood  of  several  different  animals.  Tests  were  conducted  with 
pig,  guinea  pig,  rat  and  human  blood.  Complete  haemolysis  was  effected 
in  all  of  these  cases  both  with  boiled  and  unboiled  suspensions,  when 
equal  quantities  of  washed  blood  corpuscles  and  suspension  were  left 
in  contact  for  thirty  minutes.  Salt  solution  extracts,  on  the  other 
hand,  produced  very  slight  haemolysis,  even  when  used  in  excessive 
amounts  and  allowed  to  act  on  the  blood  corpuscles  over  night.  The 
red  corpuscles  of  all  the  above  animals  were  not  dissolved  by  the  alco- 
holic extracts  of  lungworms,  if  several  volumes  of  normal  pig  or  rat 
serum  was  added.  Small  quantities  of  serum  inhibited  haemolysis,  but 
did  not  prevent  it  entirely. 

Additional  tests,  conducted  with  three  rats  and  one  guinea  pig, 
gave  essentially  the  same  results.  Four  injections  of  the  alcoholic  ex- 
tract were  given  subcutaneously  into  the  hind  legs  of  each  of  these 
animals  at  five-day  intervals.  The  amounts  of  suspensions  given  were 
.2,  .3,  .4,  .5  c.c.  respectively.  Two  days  after  the  last  injection  the 
three  rats  were  anaesthetized,  and  bled  under  aseptic  conditions.  The 
defibrinated  blood  was  poured  out  into  small  stender  dishes,  two  samples 
being  prepared  for  each  rat.  Into  one  sample  adult  lungworms  were 
placed,  and  into  the  other,  three-weeks-old  larvae  that  were  grown  in 
the  laboratory.  Check  experiments  were  conducted  at  the  same  time 
with  blood  taken  from  untreated  rats. 

It  was  found  that  the  adult  lungworms  were  not  affected,  and  re- 
mained alive  in  all  of  the  samples  of  blood,  even  when  left  in  them  for 
four  days.  The  larvae,  however,  were  inactivated  and  apparently  dead 
m  the  blood  of  the  treated  rats  after  ten  hours.  In  the  samples  of 
normal  blood  the  larvae  remained  alive  for  three  days  before  they  were 
discarded.  When  the  serum  of  treated  rats  was  tested  against  a  clear 
alcoholic  extract  of  lungworm  powder,  an  abundant  precipitate  was 
thrown  down,  showing  that  the  reaction  occurring  in  the  blood  of  the 
rat  is  in  the  nature  of  a  precipitin  formation.  This  same  reaction  was 
obtained  with  guinea-pig  serum,  which  was  taken  from  the  above  guinea 
pig,  killed  seven  days  after  the  last  injection.  In  this  last,  only  five- 
weeks-old  lungworm  larvae  were  used,  and  the  same  results  were  ob- 
tained as  with  the  blood  of  the  rats. 

It  is  rather  difficult  to  interpret  the  contradictory  facts  of  the 
above  experiments.  The  theory  that  the  writer  would  advance  is  that 
the  parasites  themselves  acquire  immunity  against  the  specific  anti- 
bodies produced  by  the  host.  On  this  basis  the  negative  results  with 
the  adult  worms,  and  the  positive  results  with  the  larvae,  would  be  in- 
telligible. Of  course,  it  is  possible  that  the  larvae  were  not  sufficiently 
developed  to  resist  the  normal  bacteriocidal  power  of  the  blood;  how- 
ever, the  fact  that  these  same  larvae  persisted  indefinitely  in  samples 
of  blood  from  untreated  rats,  and  successfully  withstood  immersion  in 
the  different  poisons  already  mentioned,  makes  this  last  premise  a 
doubtful  one. 

Experiments  with  ether  extracts  of  lungworms.  The  ether  ex- 
tracts were  prepared  in  exactly  the  same  way  as  the  others,  except  that 
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the  lungworm  powder  was  extracted  with  ether.  For  this  purpose  50  c.c. 
of  ether  were  used  to  every  half  gram  of  dry  powder.  After  filtering 
and  evaporating  the  ether,  a  light  yellow,  waxy  product  was  obtained. 
Of  this  substance  suspensions  were  made  with  various  dilutions  of  salt 
solution.  These  suspensions,  in  turn,  were  used  to  perform  the  fol- 
lowing series  of  tests. 

In  one  experiment  the  residue  from  50  c.c.  of  the  ether  extract  was 
suspended  in  10  c.c.  of  normal  salt  solution.  Two  centimeters  of  this 
suspension  were  injected  into  the  peritoneum  of  a  220  gm.  rat  with 
no  deleterious  results.  Another  similar  injection  administered  ten  days 
later,  failed  to  produce  anaphylaxis  or  any  other  visible  effect.  At- 
tempts to  hemolyse  pig,  rat  and  human  blood  corpuscles  with  these 
suspensions  were  likewise  without  results.  Thus  10  c.c.  of  the  suspen- 
sion failed  to  haemolyse  .5  c.c.  of  the  washed  rat  and  human  corpuscles 
when  left  in  contact  for  ten  hours,  and  only  slight  haemolysis  was 
effected  after  two  days.  Neither  the  larvae  nor  worms  were  affected 
when  placed  into  the  blood  of  such  treated  rats.  Additional  experi- 
ments were  discontinued,  when  it  became  evident  that  the  toxic  sub- 
stance was  not  associated  with  these  extracts. 

Conclusion.  The  results  of  the  above  studies  are  by  no  means  con- 
clusive. However,  it  is  believed  that  they  do  contribute  some  new 
points  of  view  in  a  rather  neglected  field  of  parasitology.  It  is  like- 
wise regretted  that  due  to  lack  of  facilities,  the  above  studies  could  not 
be  carried  to  completion.  The  next  logical  procedure  would  be  to  feed 
larval  nematodes  to  normal  and  injected  pigs,  and  to  compare  the  degree 
of  infestation  on  posting.  The  experiments  performed  indicate  strongly 
that  some  type  of  immunity  might  be  developed  in  pigs  by  injecting 
alcoholic  extracts  of  lungworm  powder  into  them.  They  show,  more- 
over, that  lungworm  larvae  are  infestive  only  after  a  period  of  develop- 
ment in  the  soil.  Selective  anti-bodies  undoubtedly  were  elaborated 
which  were  specific  for  these  larvae,  if  not  for  the  adult  lungworms. 
Therefore,  young  pigs  might  be  rendered  immune  to  infestation  by  the 
larvae  if  they  were  given  injections  of  the  alcoholic  extracts  of  the 
worms. 

In  conclusion,  the  writer  would  acknowledge  his  indebtedness  to 
Dr.  Howard  E.  Enders  for  the  unstinting  professional  aid  and  whole- 
hearted co-operation  extended  in  conducting  these  studies. 
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In  any  analysis  of  human  personality  one  must  keep  in  mind  that 
man  is  a  natural  being,  and  that  he  shares  with  other  animals  their 
structural  and  functional  characteristics.  Of  course,  this  does  not  mean 
that  he  is  directly  related  to  an  ape  or  a  cow;  but  in  an  indirect  sense 
he  shares  with  these  lower  animals  theii  common  heritage.  Thus,  the 
origin,  birth  and  subsequent  development  of  a  human  being  differs  very 
slightly  from  that  of  other  mammals.  The  same  life  processes,  which 
guide  human  behavior,  contribute  likewise  toward  the  behavior  of  these 
lower  animals.  Such  instincts  as  self-preservation  and  sex;  the  body 
functions  of  digestion,  respiration  and  circulation  are  readily  paralleled 
in  other  forms  of  animate  life. 

If  we  accept  the  above  premise,  then  it  is  possible  to  define  per- 
sonality as  the  sum  total  of  mental  and  physical  traits,  inborn  and 
acquired,  which  affect  visibly  the  behavior  of  an  individual.  In  the 
discussion  which  follows,  such  factors  will  be  presented  as  seem  to  war- 
rant this  general  conclusion. 

For  convenience,  the  forces  which  initiate  or  modify  the  actions  of 
living  things  may  be  grouped  under  three  heads;  namely,  heredity,  en- 
vironment, and  training.  The  last  two  function  as  external  factors  and 
are  subject  to  some  degree  of  modification,  especially  by  man.  Environ- 
ment includes  all  such  natural  forces  as  seasonal  cycles,  temperature, 
humidity,  altitude  and  the  like,  which  can  be  altered  to  a  very  limited 
extent.  Training  is  much  more  susceptible  to  man's  modification,  and 
under  it  we  can  place  all  those  personality  units  which  are  the  direct 
result  of  education  and  experience.  These  two  forces  are  entirely  sup- 
plementary in  their  effects  and  mold  the  organism  primarily  after  it 
is  formed.  Heredity,  on  the  contrary,  includes  all  those  factors  which, 
for  good  or  evil,  are  handed  down  to  the  offspring  through  the  germ- 
plasm  of  its  parents.  These  last  are  very  difficult  to  define  concretely, 
but  since  they  enter  into  the  formation  of  the  organism  and  persist 
unaltered  throughout  its  life,  it  can  readily  be  seen  that  they  are  of 
fundamental  importance. 

Insofar  as  morphological  peculiarities  affect  human  behavior,  it  is 
undoubtedly  true  that  personality  can  be  molded  before  the  individual 
is  born.  We  are  short  or  tall,  have  light  skins  or  dark,  not  because 
we  willed  them  so,  but  because  through  the  vicissitudes  of  chance  we 
developed  from  two  germinal  cells  possessed  of  these  specific  character- 
istics. In  a  similar  way  if  one  inherits  a  defective  auditory  or  visional 
apparatus,  these  physical  defects  impose  at  once  limitations  to  the 
development  of  his  personality  along  specific  lines.  For  example,  if  an 
individual  can  not  distinguish  the  finer  harmonic  relations  between 
tones,  it  is  unlikely  that  he  will  become  enthusiastic  over  subtle  operatic 
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selections  requiring  this  particular  faculty.  The  present  vogue  of  jazz 
music,  which  is  simply  a  medley  of  loud  sounds,  and  readily  followed, 
might  be  explained  in  this  way. 

From  this  standpoint  the  potentialities  which  we  possess  at  birth 
determine  to  a  large  degree  our  later  activities.  This  may  sound  like 
a  reversion  to  the  discredited  fatalism  of  former  days,  and  yet  it  is 
literally  true.  The  differences,  that  we  have  all  observed  between  nor- 
mal and  abnormal  mental  types  of  humanity,  are  readily  traced  to 
corresponding  differences  in  the  structure  of  the  cerebral  cortex.  The 
acidulous  dispeptic,  the  hypochondriac,  the  epileptic,  are  some  common 
personality  types  which  we  can  trace  directly  to  the  improper  function- 
ing of  some  organ.  For  every  response  there  must  be  a  corresponding- 
stimulus.  And  the  stimulus,  in  the  case  of  a  pleasing  external  person- 
ality, is  the  proper  coordination  and  function  of  the  internal  organs. 
This  basic  fact  is  frequently  lost  sight  of  by  well  meaning  but  misguided 
individuals.  To  admonish  a  small  boy  to  "sit  still"  when  every  cell  of 
his  body  demands  action,  is  to  impose  a  cruel  if  not  an  impossible 
restriction. 

In  recent  years  there  has  developed  a  school  of  endocrine  thera- 
peutics, which  has  produced  some  astonishing  results.  Doddering  mil- 
lionaires have  been  rendered  active;  decadent  actresses  have  had  re- 
stored to  them  some  of  the  bloom  of  youth;  and  even  idiotic  children  of 
certain  types  have  been  rendered  normal.  These  seemingly  magical 
results  have  been  traced  directly  to  certain  endocrine  glands  in  the 
body,  which  elaborate  small  amounts  of  substances  designated  as  hor- 
mones. These  hormones  are  discharged  directly  into  the  blood  stream 
and  are  carried  by  it  to  different  organs  of  the  body.  In  some  manner 
not  yet  understood  they  stimulate  these  organs  to  perform  their  normal 
functions.  The  glands  which  furnish  these  internal  secretions  to  the 
body  are  the  pineal,  pituitary,  thyroid,  parathyroids,  thymus,  and  ad- 
renals. Small,  differentiated  areas  also  occur  in  the  pancreas,  liver, 
testes,  and  ovaries,  which  have  a  similar  function.  Without  elaborating 
technical  details,  the  following  table  is  submitted  to  show  how  intricate 
is  the  relationship  existing  between  these  hormone  secreting  structures 
and  other  organs  of  the  body: 

Pituitary    at   base   of   brain;    controls   growth   of   skeleton, 

and  action  of  smooth  muscles;  defects  result  in 
gigantism  and  dwarfism,  depending  on  whether 
it  over-  or  under-secretes. 

Pineal    above  the  thalamus;  stimulates  growth  of  muscles 

and  bones;  controls  development  of  brain  and 
gonads. 

Thyroid in  neck;  controls  growth  of  cerebrum  and  gonads; 

deficient  secretion  results  in  cretinism. 

Parathyroids   attached  to  thyroids;   concerned  with  removal  of 

toxic  substances  from  the  blood;  controls  excita- 
ability  of  muscles  and  nerves. 
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Thymus    behind    the    sternum ;    over-secretion    delays    ma- 
turity and  development  of  gonads. 

Adrenals    one  above  each  kidney;   control  growth  of  brain 

and    development   of   gonads;    raises   blood    pres- 
sure. 

The  secretions  derived  from  these  glands  may  be  normal,  less  than 
normal,  or  greater  than  normal.  With  different  states  are  associated 
strikingly  different  effects.  An  individual  in  whom  one  gland  over-secretes 
is  known  as  a  centric  of  that  gland.  We  thus  have  pituito-centrics, 
thymo-centrics  and  the  like.  Let  us  now  observe  some  of  the  peculiar 
personality  types  that  are  produced,  if  the  general  balance  is  disturbed 
by  the  improper  functioning  of  one  or  other  of  these  glands. 

The  catch-penny  attractions  of  a  circus  invariably  include  a  giant 
and  a  dwarf.  In  gazing  upon  these  human  abnormalities,  most  of  us 
simply  think  of  them  as  "freaks"  and  seldom  trouble  to  ask  for  the 
cause.  These  strikingly  dissimilar  abnormalities  are  the  direct  result, 
strange  as  it  may  seem,  of  the  secretion  of  a  single  gland,  the  pituitary. 
If  this  gland  over-secretes,  the  bones,  especially,  grow  at  an  abnormal 
rate  and  a  tall,  gawky  human  being  is  the  result.  Let  this  same  gland 
be  deficient  in  its  secretion,  and  the  bones  refuse  to  grow  further,  re- 
taining the  size  at  which  this  deficiency  occurred.  Dwarfism  can  also 
be  produced  by  the  over-secretion  of  the  thyroid  gland.  In  this  case 
the  individual  develops  so  rapidly  that  he  is  fully  matured  without, 
however,  the  muscles  and  bones  of  his  body  reaching  the  normal  size. 

The  thyroid  affects  profoundly  the  mental  state.  Let  a  child  be 
born  with  a  deficient  thyroid  gland,  and  unless  prompt  measures  are 
taken  to  correct  the  same,  he  will  develop  into  a  cretin.  Correct  this 
deficiency  by  feeding  the  child  extract  of  the  thyroid  glands  of  other 
animals,  and  he  will  become  a  normal  human  being.  Assuredly,  no  bet- 
ter proof  can  be  given,  that  what  we  are  and  what  we  do  are  simply 
outward  manifestations  of  internal  physical  and  physiological  forces. 

Those  of  us  who  have  been  to  the  farm  have  had  occasion  to  ob- 
serve the  aggressive  actions  of  such  male  animals  as  the  stallion,  the 
bull  or  the  cock.  Contrast  in  your  mind  the  difference  between  an 
angry,  snorting  bull  and  the  emasculated  steer.  The  former  is  danger- 
ous to  approach  even  with  a  pitch  fork,  the  latter  is  fat  and  docile, 
and  can  be  driven  in  any  direction  without  protest.  These  secondary 
sexual  characteristics  are  traceable  directly  to  the  secretions  produced 
by  the  reproductive  glands  of  both  sexes.  When  an  animal  of  either 
sex  is  deprived  of  its  reproductive  organs,  either  through  operation, 
parasitism  or  disease,  it  tends  to  assume  the  characteristics  of  the  op- 
posite sex.  Thus  if  a  cockerel  is  caponized,  it  does  not  develop  a  comb 
and  wattles,  nor  crow,  like  the  functional  male  bird.  Instead,  it  becomes 
fat  and  flabby,  and  will  even  sit  on  eggs  and  tend  young  chicks  after 
the  manner  of  a  hen.  Analagous  effects  can  be  traced  to  the  same 
cause  in  other  animals,  including  man. 

Sex  anomalies,  such  as  the  above,  may  also  result  from  the  ab- 
normal   functioning    of    the    adrenal    glands.      The    secretion    of    these 
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glands  is  a  very  powerful  substance  known  as  adrenin.  An  extract  of 
these  glands  is  on  the  market  and  goes  under  the  trade  name  of  "ad- 
renalin." This  drug  will  markedly  increase  the  blood-pressure  of  any 
animal  into  which  it  is  injected,  even  in  such  extreme  dilutions  as  one 
part  in  ten  million.  In  the  living  animal  adrenin  is  produced  chiefly 
under  the  influence  of  emotional  stress.  At  such  times  it  is  poured  into 
the  blood-stream  in  large  quantities,  and  is  directly  responsible  for  the 
aggressive  actions  associated  with  a  fit  of  anger.  It  has  likewise  been 
determined  that  those  animals  which  are  timid  by  nature  and  flee  from 
other  animals,  possess  small  adrenal  glands  in  proportion  to  their  size. 
On  the  other  hand,  habitually  preying  animals  have  an  unusually  large 
adrenal  cortex.  Thus,  the  wolf,  the  fox  and  the  lion  have  much  larger 
adrenal  glands  than  the  deer,  the  ox,  or  cattle  in  general.  What  is 
true  of  these  animals  is  likewise  true  with  respect  to  human  beings. 
Some  individuals  are  by  nature  confident,  aggressive,  and  even  pug- 
nacious; others  are  retiring  and  timid.  These  different  types  of  per- 
sonality are  the  direct  result  of  differences  in  function  of  the  adrenal 
glands.  If  the  individual  is  an  adreno-centric,  that  is,  if  his  adrenals 
secrete  more  than  the  normal  amount  of  their  specific  hormone,  the 
first  type  of  personality  is  the  result.  Women  adreno-centrics  acquire 
masculine  characteristics,  such  as  hair  on  the  face,  disinclination  for 
domestic  life,  tendency  to  freckles  and  the  like.  These  apparent  de- 
fects are,  however,  compensated  for  by  an  alert  mind,  and  an  assertive, 
self-reliant  personality.  Most  of  the  women  in  business  and  in  public 
life  exemplify  this  type. 

The  factors  thus  far  considered  are  hereditary  in  the  strict  sense 
of  the  term.  It  is  true  that  our  inclinations  and  tendencies  are  not 
transmitted  to  us  directly  from  our  parents,  but  if  a  specific  glandular 
organ  is  the  cause  of  a  specific  personality  factor,  it  is  easily  seen  how 
this  last  can  be  inherited.  By  analyzing  the  physical  and  physiological 
endowment  of  the  parents,  and  applying  to  them  the  known  laws  of 
heredity,  we  can  predict  quite  accurately  what  the  resulting  offspring 
will  be  like. 

Mention  has  already  been  made  of  the  forces  which  mould  per- 
sonality after  the  birth  of  the  individual.  We  shall  now  return  to 
their  more  careful  consideration. 

Environment  affects  materially  the  welfare  of  living  things.  All 
organisms  require  an  optimum  temperature,  exact  humidity,  and  the 
proper  food  for  their  best  development,  Man  is  no  exception  to  this 
rule.  Civilized  races  can  alter  these  conditions  to  some  extent,  but  in 
the  main,  mankind  must  accommodate  himself  to  the  forces  of  nature. 
To  mention  one  or  two  instances,  man  has  been  unable  to  check  floods 
and  cyclones,  or  to  populate  the  arctic  regions  on  an  extensive  scale, 
even  with  the  wealth  of  scientific  knowledge  at  his  command.  Only 
where  the  climate  is  mild,  and  the  rainfall  adequate  to  raise  the  neces- 
sary food,  do  we  find  extensive  settlements  of  human  beings.  Even 
these  conditions  do  not  suffice,  for  in  the  tropics,  where  food  and  mois- 
ture are  adequate,  white  races  have  been  unable  to  establish  themselves 
due  to  extreme  temperatures,  and  their  susceptibility  to  disease.     Un- 
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doubtedly,  environmental  forces  are  very  important  in  developing  dif- 
ferent types  of  human  beings.  Just  how  these  forces  acted  to  pro- 
duce such  diverse  races,  as  the  blond  Nordics  and  the  Negroes,  is  still 
a  disputed  question.  These  digressions  may  seem  irrelevant,  yet  when 
we  consider  that  an  individual  personality  is  the  expression  of  a  racial 
personality,  they  do  acquire  a  deeper  significance.  If  we  knew  more  of 
the  ethnology  of  different  races  we  could  approach  the  many  perplexing 
social  problems  with  greater  confidence. 

One  environmental  factor  that  we  can  discuss  with  some  degree  of 
confidence  is  the  subject  of  foods,  or  more  properly  nutrition.  Investi- 
gations conducted  by  Funk,  Osborne,  McCollum  and  others  promise 
some  alluring  possibilities  in  this  field.  It  has  been  found  that  certain 
foods  contain  small  amounts  of  undetermined  ingredients  collectively 
known  as  vitamines.  The  absence  of  these  substances  from  the  food  of 
an  animal  will  result  in  very  distressing  physiological  derangements.  In 
this  connection  an  experiment  by  Osborne  and  Mendel  (Abstracts  of 
Bacteriology,  vol.  Ill,  no.  6)  may  be  of  interest.  "We  have  obtained 
potent  preparations  (vitamines)  as  follows:  Spinach  leaves  and  young 
clover  respectively  dried  in  a  current  of  air  at  about  60°  C.  were  ex- 
tracted with  U.  S.  P.  ether;  the  resultant  green  extract,  yielding  an 
oily  residue,  equal  to  about  three  per  cent  of  the  dried  plant,  was 
evaporated  upon  starch.  These  preparations,  fed  in  daily  quantities 
equivalent  to  one  to  two  grams  of  the  dried  plants,  promoted  recovery 
and  renewal  of  growth  in  rats  declining  in  weight  on  diets  deficient  in 
fat  soluble  vitamine.  Inasmuch  as  only  30  mgm.  per  day  of  the  ether 
extract  of  spinach  sufficed  for  this  purpose,  it  appears  that  this  sub- 
stance ranks  among  the  most  potent  of  oils  heretofore  tested." 

Dr.  McCollum,  in  a  recent  lecture,  made  the  statement  that  he  has 
succeeded  in  producing  defective  dentition  of  almost  every  type  in  rats, 
by  feeding  them  on  a  diet  deficient  in  the  necessary  vitamines.  He 
claims  that  whether  a  child  will  have  perfect  teeth  or  defective  teeth 
is  determined  by  the  kind  of  a  diet  the  mother  receives  before  the  baby 
is  born.  Also,  that  a  great  many  evils  to  which  civilized  man  is  heir, 
such  as  polyneuritis,  pellagra,  sprue,  ricketts,  and  the  like,  are  the 
direct  results  of  canned,  cooked,  pickled  and  otherwise  thoroughly  de- 
vitaminized  foods.  In  polyneuritis  there  is  a  progressive  degeneration 
of  the  motor  cells  of  the  spinal  cord.  If,  as  it  now  appears,  this  con- 
dition is  amenable  to  proper  feeding,  it  may  be  possible  in  the  future 
to  prevent  other  types  of  nervous  disorders.  Considering  the  fact  that 
in  lower  animals,  such  as  bees,  the  food  factor  is  alone  responsible  for 
the  differences  existing  between  a  functional  queen  and  non-functional 
workers,  which  are  also  females,  the  above  speculations  are  by  no  means 
impossible  of  realization. 

The  last  personality  factor  which  remains  to  be  considered  is  train- 
ing, and  it  is  the  most  difficult  to  define  concretely.  What  constitutes 
proper  or  improper  training  is  determined  to  a  large  extent  by  the  en- 
vironment. A  child  well  trained  for  one  environment  may  be  utterly 
unsuited  for  another  environment.  Thus  an  efficient  back-woodsman, 
agile  and  active  when  engaged  at  his  own  calling,  is  a  very  ungainly 


372  Proceedings  of  Indiana  Academy  of  Science 

being  when,  as  sometimes  happens,  he  is  stranded  upon  a  city  boule- 
vard. The  physical,  social  and  moral  developments  of  human  beings 
are  the  chief  objectives  of  most  of  the  training  processes.  That  they 
have  gained  little  actual  headway,  in  the  long  years  of  their  applica- 
tion, many  of  us  will  admit.  This  failure  to  attain  apparently  worthy 
objectives  may  be  due  to  the  illogical  manner  in  which  these  problems 
have  been  approached.  If,  as  this  thesis  assumes,  mind  is  largely  the 
outward  expression  of  the  chemical  and  physical  processes  going  on 
within  the  brain  cells,  a  normal  mind  can  hardly  result  from  abnormal 
cell  function.  It  seems  foolish,  therefore,  to  urge  masses  of  sub-normal 
human  beings  to  soar  to  philosophic  heights,  if,  still  considering  their 
mental  state,  they  can  barely  walk.  Of  course  this  type  of  training- 
can  do  no  harm,  but  likewise  it  is  productive  of  little  result.  These 
statements  are  based  on  the  results  shown  in  the  psychological  tests 
given  to  over  two  million  of  our  soldiers  during  the  late  war. 

Every  community  has  its  "Jukes"  and  "Kallikak"  families,  on  whom 
thousands  and  hundreds  of  thousands  of  dollars  of  the  taxpayers'  money 
is  expended  every  year.  Those  individuals  and  organizations  who  have 
been  ministering  to  the  wants  of  these  defectives  are  usually  the  first 
to  oppose  any  real  attempt  towards  the  solution  of  this  problem.  Be- 
fore poverty  can  be  eliminated  we  must  eliminate  the  causes  of  poverty, 
and  as  feeble-mindedness  is  the  primary  cause  of  this  condition,  sys- 
tematic attempts  to  eliminate  the  feeble-minded  seem  indicated.  This 
elimination  can  not  be  accomplished  by  building  more  and  more  institu- 
tions for  increasing  numbers  of  mentally  deficient  human  beings.  A 
systematic  attempt  should  be  made  to  eliminate  the  defectives  them- 
selves. The  science  of  eugenics  offers  an  answer  to  this  problem ; 
namely,  segregate  the  obviously  defective  individuals,  and  prevent  them 
from  reproducing  their  own  kind.  In  two  or  three  generations  the 
problem  could  thus  be  solved.  Drastic  as  this  remedy  sounds,  it  will 
finally  have  to  be  applied,  as  the  burden  of  supporting  the  ever-increas- 
ing numbers  of  defectives  will  make  the  community  resort  to  it  in  self- 
defense. 

The  recent  tirades  of  George  Bernard  ShawT  against  modern  civiliza- 
tion contain  more  than  a  grain  of  truth.  History  records  the  decline 
of  numerous  nations  only  after  they  became  thoroughly  "civilized," 
that  is,  thoroughly  devitalized  by  artificial  living.  Why  presumably 
intelligent  human  beings  should  violate  all  biological  laws  and  assume 
that  their  bodies  are  something  apart  from,  and  not  subject  to,  the 
laws  governing  the  rest  of  organic  nature,  is  one  of  the  conundrums 
of  "civilization."  Man  is  the  only  animal  that  insists  on  doing  things 
he  should  not  do,  and  omits  doing  many  things  that  quite  obviously 
should  be  done.  We  accept  it  as  "good  business"  to  employ  little  chil- 
dren for  tasks  beyond  their  strength,  and  to  rear  them  on  synthetic 
foods.  When  in  later  life  these  same  children  are  unable  to  compete 
on  equal  terms  with  other  members  of  the  community,  we  blame  their 
plight  on  any  cause  but  the  correct  one.  But,  one  might  be  tempted  to 
ask,  why  bring  in  all  these  unrelated  items  under  training?  The  an- 
swer is  that  they  are  basic.     Experience  and  education  can  do  little  for 
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an  individual  unless  he  is  of.  the  stuff  that  can  be  trained.  A  marble 
statue  can  not  be  carved  out  of  clay  even  by  a  master  artist.  All  that 
the  best  training  can  do  is  to  mould  and  bring  out  capacities  which  are 
already  present. 

The  above  discussion  is  not  designed  to  be  exhaustive  in  its  treat- 
ment of  personality.  If,  however,  this  paper  stimulates  interest  in  such 
factors  as  have  been  presented,  its  object  will  have  been  served.  A 
good  finished  product  in  the  form  of  an  intelligent,  capable  citizen,  can 
only  be  developed  from  a  good  quality  of  raw  material.  Real  social 
progress  can  only  occur  where  a  conscious  effort  is  made  to  preserve  the 
best,  and  to  eliminate  the  least  desirable  germinal  strains.  Through  in- 
telligent effort  we  can  stretch  the  bonds  which  heredity  has  imposed 
upon  our  personality,  but,  and  this  is  to  the  vital  point,  we  can  not 
break  those  bonds.  Each  individual,  arid  every  community,  needs  to 
take  an  inventory  of  its  capacities  and  limitations,  and  try  to  develop 
those  which  offer  the  best  promise.  If,  as  is  assumed,  personality  is 
the  visible  complex  of  mental  and  physical  forces,  then  the  initial  sten 
toward  developing  desirable  types  of  personality  would  be  the  intelli- 
gent application  of  these  natural  laws  and  principles  which  we  already 
possess. 
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THE  RELATION  OF  ANIMAL  PEST  CONTROL  TO 
CONSERVATION. 


John  J.  Davis,  Purdue  University. 

To  the  average  citizen  conservation  means  the  protection  or  saving 
of  our  natural  resources,  as  forests,  oil,  mineral  deposits,  and  fur-bear- 
ing animals.  However,  we  find,  among  the  plants  for  example,  those 
which  are  harmful  or  noxious  to  mankind  and  should  be  held  in  check, 
as  well  as  those  which  are  useful  and  should  be  preserved  and  pro- 
tected; in  the  field  of  bacteriology  we  recognize  bacteria  which  are 
valuable  and  others  which  are  deadly;  in  entomology  we  find  insects 
which  are  beneficial  and  useful  and  also  those  which  are  destructive 
because  they  injure  crops  or  animals  or  carry  disease.  So  also  among 
the  higher  animals  we  find  certain  kinds  which  are  constantly  a  menace 
to  crops  and  other  resources  of  man,  and  on  the  other  hand  we  find 
those  which  are  generally  beneficial.  Furthermore,  some  which  are 
usually  beneficial  or  useful  may  become,  either  because  of  agricultural 
conditions  or  excessive  increase  of  the  species,  noticeably  harmful.  A 
radical  organization  with  one  viewpoint  might  easily  go  to  the  extreme 
of  advocating  the  protection  of  all  animal  life  regardless  of  the  habits 
and  activities  of  the  individual,  while  another  equally  radical  group 
might  take  the  opposite  view  and  advocate  the  destruction  of  all  animal 
life  because  certain  animals  are  harmful.  This  is  not  conservation  in 
any  sense.  As  I  understand  conservation  of  animal  life,  it  is,  in  part, 
the  protection  of  those  animals  which  are  useful,  either  because  of  their 
value  as  fur-bearers,  as  game,  or  as  destroyers  of  noxious  insects  and 
weed  seeds.  But  conservation  certainly  has  a  wider  application,  for 
it  means  just  as  certainly  the  lessening  of  numbers  of  those  kinds  which 
are  habitually  destructive  or  which  become  occasionally  destructive  be- 
cause of  unusual  increase  in  numbers.  Therefore  the  destruction  of 
harmful  kinds  is  just  as  much  conservation  as  the  protection  of  the 
beneficial  species,  for  certainly  that  is  protecting  our  resources. 

The  problem  of  conservation  of  animal  life  is  not  merely  deter- 
mining the  kinds  which  are  beneficial  and  those  which  are  harmful  as 
a  basis  for  action,  but  requires  a  more  careful  study  than  has  ever 
been  made  of  the  various  ecologic  factors  involved.  As  a  beginning  for 
such  a  study  we  have  made  an  earnest  endeavor  to  secure  data  on  the 
animals  which  are  occasionally  or  habitually  harmful  and  the  relation 
they  have  to  our  economic  resources.  To  this  end  a  questionnaire  was 
submitted  to  the  county  agricultural  agents  of  Indiana,  and  where  they 
were  not  available  to  vocational  teachers.  Of  the  92  counties  in  In- 
diana, replies  were  received  from  all  but  nine.  The  questionnaire  asked 
definite  questions  as  to  the  importance  of  rats,  field  mice,  groundhogs, 
rabbits,  ground  squirrels,  moles  and  sparrows,  in  the  respective  coun- 
ties.    An  additional  question  asked  if  other  important  vertebrate  pests 
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occurred  in  the  county.  The  questionnaires  have  been  summarized 
diagrammatically  in  the  accompanying  maps. 

From  a  glance  at  figure  1,  we  find  that  rats  and  mice  were  re- 
ported as  important  pests  in  all  but  two  of  the  counties  reporting.  By 
far  the  greatest  loss  is  to  stored  grain,  although  many  report  consider- 
able losses  to  chickens,  buildings,  and  feed.  The  rat  losses  to  the  poul- 
try industry  alone  amounts  to  $1.00  per  farm  or  $200,000.00  annually 
for  the  state,  according  to  Mr.  L.  L.  Jones  of  the  Poultry  Department 
of  Purdue  University.  Plants  in  greenhouses  are  frequently  damaged 
by  mice;  thus,  Mr.  H.  F.  Dietz  of  the  State  Conservation  Commission 
advises  us  that  mice  destroyed  about  4,000  carnation  buds  in  a  few 
days  in  one  greenhouse  at  Evansville,  Indiana.  Where  estimates  of 
money  losses  for  rats  and  house  mice  have  been  given,  they  ranged 
from  $25,000  to  $100,000  per  county  annually,  or  perhaps  a  total  of 
$6,000,000  annually  for  the  state. 

Field  mice  of  one  species  or  another  are  common  throughout  the 
state,  but  a  study  of  figure  2  shows  them  to  be  more  prevalent,  judg- 
ing from  their  destructiveness,  in  the  orchard  districts  of  the  state. 
Although  recognized  primarily  as  pests  of  fruit  trees,  the  surface  and 
underground  trunks  of  which  they  gnaw  and  girdle,  they  were  also 
reported  from  some  sections  as  serious  pests  of  seed  and  of  seedlings 
in  hotbeds,  of  melons,  and  of  shocked  corn  and  wheat  in  the  field. 

Groundhogs  or  woodchucks  were  recognized  as  next  in  importance 
to  rats,  according  to  the  reports  submitted.  Figure  3  shows  the  range 
of  destructiveness  of  this  animal  to  be  pretty  general  throughout  the 
state  and  many  reports  indicate  increasing  trouble  from  this  source. 
This  animal  causes  an  average  annual  loss  of  approximately  $1,000,000 
in  Indiana.  Probably  the  greatest  damage  comes  from  its  attacks 
on  growing  crops,  principally  legumes  such  as  soybeans,  clover,  and 
alfalfa,  but  also  to  cantaloupes,  watermelons  and  corn,  and  to  a  lesser 
extent  to  other  crops.  The  girdling  of  fruit  trees  is  sometimes  a  sig- 
nificant item  in  certain  localities.  Two  dens  of  groundhogs  will  de- 
stroy %  acre  of  melons  and  one  groundhog  may  destroy  V2  of  an 
acre  of  young  soybeans.  Their  burrows  in  pastures  and  other  fields 
are  hazards  to  stock,  and  those  in  graveyards  and  similar  places  are 
a  continual  annoyance.  In  some  areas  the  burrows  are  responsible  for 
soil  erosion  and  in  other  sections,  for  example  in  Morgan  County,  the 
burrows  are  the  cause  of  breaks  in  levees  which  often  result  in  con- 
siderable loss. 

Rabbits  occur  commonly  throughout  the  state  (fig.  4),  and  do  some 
damage  in  every  county,  but  are  especially  recognized  as  important 
pests  in  the  orchard  sections.  By  far  the  greatest  loss  comes  from 
damage  to  nursery  and  young  planted  fruit  trees,  the  animals  eating 
the  bark  and  frequently  completely  girdling  the  trees,  major  damage 
being  done  under  heavy  snow  conditions.  Field  crops,  such  as  soy- 
beans, and  garden  crops  in  general  are  damaged  to  an  appreciable 
extent.  Rabbits  are  protected  by  law  and  although  they  cause  a  dam- 
age amounting  to  many  thousand  dollars  a  year  in  Indiana,  it  is  true 
that  they  offer  one  of  our  best  hunting  sports  and  are  of  considerable 
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Figs.  1-4.  Importance  of  rats,  field  mice,  groundhog,  and  mole,  respectively,  as 
reported  on  questionnaires.  Double  cross-lined  with  black  spot  indicate  counties  report- 
ing animal  as  an  important  pest  ;  single  diagonal  lines  no  report  or  indicated  as  unim- 
portant ;  blank  counties,  no  reports  received. 
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value  as  a  source  of  meat  and  possibly  deserve  protection  under  certain 
conditions. 

Moles  are  also  abundant  throughout  Indiana  (fig.  5),  and  the  numer- 
ous inquiries  received  are  a  continued  reminder  of  their  importance. 
They  are  essentially  a  pest  in  lawns  and  gardens  and  newly  seeded  fields. 
In  some  sections  of  the  state  they  are  undoubtedly  a  significant  factor 
in  soil  erosion.  On  the  other  hand,  it  should  be  remembered  that  moles 
are  carnivorous  and  destroy  large  numbers  of  harmful  soil-infesting 
insects.  Damage  to  corn  is  probably  due  largely  to  burrowing  in  search 
of  root-infesting  insects,  such  as  white  grubs,  rather  than  direct  attack 
on  the  plant. 

As  will  be  seen  in  figure  6,  ground  squirrels  or  so-called  "gophers" 
(Citellus  tridecemlineatus  Mitch.)  occur  commonly  in  the  northern  coun- 
ties of  Indiana.  According  to  the  reports  received,  they  are  principally 
pests  of  corn  by  taking  the  recently  planted  seed. 

Two-thirds  of  the  counties  reporting,  indicated  the  sparrow  as  an 
important  pest.  Their  range  is  general  as  shown  in  figure  7.  Spar- 
rows are  recognized  as  a  nuisance,  as  driving  out  useful  birds,  and  as 
eating  much  grain,  especially  grain  in  the  shock.  It  is  also  possible 
that  these  birds  are  responsible  for  much  more  serious  trouble,  that  of 
carrying  fowl  tuberculosis. 

In  answering  the  last  question  where  a  request  was  made  for  in- 
formation on  any  other  vertebrate  pest  of  importance  in  the  county, 
ten  reporters  indicated  the  crow,  four  the  fox,  two  coyote,  two  hawks, 
one  skunk,  one  opossum,  and  two  squirrels.  Had  specific  requests  been 
made  for  information  on  the  importance  of  these  animals  as  was  done 
with  the  seven  already  referred  to,  no  doubt  more  would  have  indi- 
cated the  importance  of  certain  ones  such  as  crows  and  foxes.  Crows 
were  mentioned  as  pests  of  poultry  and  corn;  hawks  as  enemies  of 
chickens ;  pigeons  as  carriers  of  poultry  diseases ;  fox,  weasel  and  skunk 
as  destroying  chickens;  and  coyotes  as  attacking  lambs  and  pigs. 

The  following  table  (Table  1)  gives  a  summary  of  the  question- 
naires discussed  above. 


table  1. 


summary  of  questionnaires  from  county  representatives 
in  indiana. 


ANIMAL 

Counties 
reporting   as 
important. 

Counties 

reporting 

unimportant  or 

questionably. 

Counties 

requesting 

control 

demonstrations.1 

80 

32 

40 

36 
8 

36 

54 

142 
42 
2- 
22 
32 

1  = 

2  s 
1-' 
1- 

2 
.50 
33 
46 
74 
46 
28 

37 

4 

Groundhog 

Rabbit 

17 
1 

9 

4 

8 

Fox 

i 

i 

i 

Skunk 

Nine  other   counties   requested   demonstrations   on   rodent   pests   in   general. 
Information  as  to  the  importance  of  these  animals  not  specifically  requested. 
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Figs.  5-7.  Importance  of  rabbit,  ground  squirrel,  and  sparrow,  respectively,  as  re- 
ported on  questionnaires.  Double  cross-lined  with  black  spot  indicate  counties  report- 
ing animal  as  an  important  pest ;  single  diagonal  lines  no  report  or  indicated  as  unim- 
portant ;  blank  counties,  no  reports  received. 

Fig.  8.  Counties  reporting  the  fox,  coyote,  and  crow  as  important  pests,  in  answer- 
ing the  question,  "Are  there  other  important  vertebrate  pests  in  your  county?" 
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With  the  information  already  presented  a  review  of  the  activities 
of  the  animals  reported  by  county  representatives  will  clarify  some  of 
the  inquiries  which  have  been  called  to  cur  attention  and  will  show  the 
further  need  of  a  more  careful  study  of  the  ecologic  relations  of  the 
commoner  animals  which  may  be  generally  or  occasionally  considered 
pests. 

First  of  all  let  us  remember  that  agriculture  is  our  basic  industry, 
and  in  considering  any  well-balanced  program  in  conservation  we  must 
consider  carefully  the  interests  of  the  farmer  as  well  as  those  of  the 
sportsman  and  trapper. 

Rats  and  house  mice  are  outstanding  pests,  for  aside  from  their 
destruction  of  property  they  are  carriers  of  human  disease.  No  one 
has,  to  our  knowledge,  stood  for  the  protection  of  these  animals.  The 
various  poison  baits,  traps,  rat  dogs  and  cats,  and  rat-proofing  of 
buildings  are  the  recognized  standard  controls,  the  poison  baits  being 
pre-eminently  the  most  important.  Rat  viruses  have  not  proven  suc- 
cessful. 

Field  mice  also  are  recognized  as  pests  without  an  alibi.  The  oat- 
meal bait  used  in  standard  stations,  which  was  developed  and  is  being 
recommended  by  the  U.  S.  Biological  Survey,  is  the  standard  control. 
We  have  reports  of  deaths  of  dogs  which  had  been  attracted  to  this 
bait  and  secured  a  fatal  dose  by  nosing  into  the  station  which  is  so 
devised  that  birds  will  not  reach  the  poison  bait.  Such  reports  are, 
however,  infrequent  and  apparently  insignificant. 

That  groundhogs  are  very  destructive  has  already  been  shown,  and 
that  they  are  increasing  on  many  farms  in  numbers  beyond  endurance 
is  evident  from  letters  of  inquiry  received  and  from  personal  contact. 
So  far  as  we  know,  there  has  been  no  logical  argument  raised  for  the 
protection  of  these  animals,  inasmuch  as  they  have  no  value  as  game, 
as  fur-bearers  or  otherwise;  indeed,  we  know  of  no  state  which  gives 
them  special  protection.  It  has  been  claimed  that  groundhogs  make 
burrows  in  which  skunks  and  foxes  hibernate  and  that  therefore  the 
lessening  of  numbers  of  groundhogs  will  automatically  lessen  the  num- 
bers of  skunks  and  foxes,  but  this  is  not  correct  either  in  theory  or  in 
actual  practice.  Results  of  experiments  conducted  in  Indiana  show  that 
fumigating  groundhog  burrows  with  carbon  bisulphid  or  calcium  cyanide 
is  effective  and  more  satisfactory  than  poison  baits  or  traps.  Inasmuch 
as  the  groundhog  burrows  are  easily  distinguished  from  the  burrows 
of  other  animals,  and  that  an  inhabited  groundhog  burrow  does  not 
offer  quarters  for  other  animals  during  the  breeding  season  (April, 
May  and  June)  when  fumigation  is  recommended,  there  is  little  likeli- 
hood of  other  animals,  such  as  foxes  and  skunks,  being  killed  in  the 
process  of  fumigation. 

Undoubtedly  the  principal  game  animal  of  the  state,  the  rabbit,  is 
generally  recognized  as  a  pest  as  is  evident  from  the  questionnaires, 
for  36  counties  out  of  the  82  reporting  recognized  this  animal  as  an 
important  pest.  As  has  been  pointed  out,  rabbits  are  responsible  for 
considerable  loss,  especially  to  fruit  trees.  In  Indiana  they  are  pro- 
tected as  a  game  animal  from  January  9  to  April  1,  which  is  the  period 
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of  heaviest  snows  and  freezes  and  therefore  the  period  of  greatest 
injury.  Poisoning  and  trapping,  as  well  as  shooting,  during  the  closed 
season  are  illegal.  The  only  means  of  protection  which  is  practical 
under  Indiana  conditions  is  the  use  of  a  wire  or  paper  protector  around 
the  trunk  of  the  tree  or  the  use  of  a  repellent  wash,  such  as  concen- 
trated lime-sulphur.  It  is  difficult  to  estimate  the  damage  in  dollars 
but  it  will  average  many  thousands.  On  the  other  hand,  this  animal 
is  seriously  destructive  only  in  the  orchard  and  nursery  districts,  while 
in  these  as  well  as  almost  ail  other  areas  in  Indiana,  it  furnishes  a 
supply  of  meat  which  undoubtedly  is  considerable1,  at  the  same  time 
providing  a  sport  and  recreation  available  to  the  majority  of  the  citi- 
zens of  the  state.  We  are  unable  to  compare  the  value  of  the  meat 
supply  provided  with  the  damage  done,  but  probably  they  balance  fairly 
equally  and  if  we  include  the  sport  and  recreation  which  they  provide, 
their  value  throughout  the  state  as  a  whole  no  doubt  would  exceed  the 
damage  done.  Upon  this  basis  there  would  be  reason  for  protection  in 
some  sections  of  the  state  and  an  equally  good  argument  for  permitting 
unrestricted  killing  of  rabbits  in  other  sections. 

Ground  squirrels  are  destructive  in  northern  Indiana,  and,  so  far 
as  we  know,  they  have  no  useful  purpose  other  than  their  aesthetic 
value.  Calcium  cyanide  used  in  the  burrows  is  an  effective  control, 
without  danger  to  useful  animals.  The  poison  grain  bait,  which  is  most 
generally  used,  is  effective  and  if  properly  applied,  that  is  broadcasted, 
there  is  no  clanger  to  the  larger  native  or  domestic  animals  and  if  picked 
up  by  the  larger  birds,  such  as  quail,  will  not  be  harmful. 

The  destructiveness  and  usefulness  of  the  common  garden  mole  has 
already  been  referred  to.  We  have  here  an  animal  of  little  commercial 
value  but  useful  in  destroying  insects  and  under  certain  conditions  harm- 
ful in  one  way  or  another.  Our  observations  would  lead  us  to  believe- 
that  control  measures  should  be  practiced  wherever  the  mole  becomes  a 
nuisance,  even  though  it  is  a  recognized  destroyer  of  harmful  soil-in- 
festing insects. 

Fifty-four  of  the  eighty-two  counties  recognized  sparrows  as  im- 
portant pests.  They  are  generally  disliked  because  they  are  abundant 
and  a  nuisance  although  some  direct  damage  is  evident  from  their  work 
in  grain  shocks.  Because  of  their  habits  they  are  also  harmful  by  dis- 
couraging and  driving  out  useful  and  desirable  birds.  Control  of  spar- 
rows should  be  encouraged.  Certain  sparrow  traps  are  effective  and 
have  no  undesirable  features  but  are  expensive.  Poison  grains  scat- 
tered broadcast  is  an  effective  control  under  some  conditions  and  there 
is  little  danger  of  poisoning  beneficial  birds. 

The  status  of  the  crow  has  been  argued  pro  and  con.  Undoubtedly 
it  is  often  destructive  by  pulling  recently  planted  corn  and  killing  chick- 
ens, but  it  is  likewise  of  definite  value  in  destroying  noxious  insects. 
With  our  present  knowledge  of  the  interrelations  of  the  crow  it  would 
appear  that  it  should  not  receive  legislative  protection  and  that  every 
effort  should  be  made  to  control  it  wherever  it  occurs  as  a  pest. 

3  Mr.  James  Silver  of  the  U.  S.  Biological  Survey  (in  litt.  Nov.  12,  1924)  estimates 
the  value  of  the  meat  supply  furnished  by  the  rabbit  as  not  less  than  $5,000,000.00 
annually   for  the  United   States. 
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Hawks  are  generally  considered  pests,  and  yet  no  distinction  is 
usually  made  beween  those  kinds  which  are  harmful  and  those  which 
are  beneficial,  in  fact  in  Indiana  only  three  kinds, — the  goshawk,  sharp- 
shinned  and  Cooper's  hawks — are  of  economic  importance  as  pests,  the 
other  species  being  beneficial  as  destroyers  of  field  mice  and  other  harm- 
ful rodents.  Careful  distinction  should  therefore  be  made,  and  indis- 
criminate killing  of  hawks  in  general  should  certainly  be  discouraged, 
in  fact,  it  would  be  safest  and  best  to  shoot  only  those  actually  observed 
as  pests. 

Probably  none  of  the  vertebrate  animals  occurring  in  Indiana  are 
so  much  in  dispute  as  to  the  need  of  protection  or  control  as  the  fox. 
Although  only  four  counties  referred  to  the  fox  as  an  important  pest, 
our  personal  knowledge  shows  it  to  be  a  pest  of  reasonable  importance 
in  a  number  of  additional  counties.  Their  ability  and  inclination  to 
kill  poultry  cannot  be  set  aside  as  insignificant.  On  the  other  hand  there 
is  some  value  for  the  fur  and  the  comparatively  few  "fox-chasers"  secure 
a  recreation  and  sport  from  this  source.  The  benefits  derived  are  not, 
however,  comparable  with  the  destructiveness  of  this  animal  in  southern 
Indiana  counties  where  it  commonly  occurs  and  there  seems  to  be  no 
reasonable  explanation  for  protecting  laws  under  such  conditions. 

With  regard  to  the  other  animals  listed  in  the  questionnaire  the  valu- 
able service  of  the  opossum  and  skunk  probably  appreciably  overbal- 
ance the  damage  they  may  do  and  therefore,  in  general,  they  should  be 
protected.  However,  when  they  do  become  abundant  and  destructive, 
there  should  be  no  legal  restrictions  to  prevent  the  immediate  protection 
of  property.  The  weasel  is  probably  not  sufficiently  common  in  Indiana 
to  cause  great  losses  and  is  of  no  great  importance. 

Summarizing  the  facts  as  they  are  available  we  find  the  pests 
grouped  into  two  classes;  1,  those  which  are  constant  menaces  and  should 
be  aggressively  fought,  such  as  the  rat,  house  mice,  field  mice,  ground- 
hog, ground  squirrel,  coyote,  certain  hawks  and  sparrow;  and  2,  those 
which  have  valuable  uses  but  which  should  be  destroyed  whenever  they 
occur  as  destroyers  of  property  and  the  animals  included  in  this  category 
are  the  rabbit,  mole,  crow,  fox,  certain  hawks,  and  skunk.  In  the  first 
group  we  would  except  animals  having  any  aesthetic  value,  such  as  the 
groundhog  and  ground  squirrel,  where  they  are  not  abundant  or  de- 
structive. 

Our  general  observations  and  studies  lead  us  to  conclude  that  state 
legislation  is  not  as  a  rule  based  on  a  fundamental  knowledge  of  ani- 
mal life  and  the  ecologic  factors  involved  and  that  they  too  often  are 
written  from  one  point  of  view. 

These  introductory  notes  are  presented  to  show  the  need  of  more 
carefully  studying  the  animal  fauna  of  our  state,  and  to  ask  several 
questions,  such  as  the  best  method  of  conserving  species  which  are 
recognized  as  beneficial,  or  the  best  methods  of  holding  in  check  those 
which  are  harmful,  and  also  whether  state-wide  legislation  is  desirable 
for  certain  animals  such  as  rabbits  and  foxes.  And  above  all  we  wished 
to  emphasize,  as  already  stated,  that  the  interests  of  the  farmer  must 
be  recognized  in  considering  any  well-balanced  program  in  conservation; 
neither  should  we  lose  sight  of  the  recognized  value  of  all  animal  life, 
whether  aesthetic,  sport  or  recreation. 
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RECORDS  OF  INDIANA  DRAGONFLIES— I. 


B.  Elwood  Montgomery,  Graduate  School  of  Purdue  University. 

An  annotated  list  of  Indiana  dragonflies1,  which  gave  the  geographi- 
cal and  seasonal  range  within  the  state  of  all  species  known  to  occur 
was  published  by  E.  B.  Williamson  in  1917.  A  paper  listing  captures 
during  1917-1920  inclusive2,  which  increased  the  known  range,  either 
seasonal  or  regional,  of  these  species  and  added  one  species  to  the  state 
list  was  published  in  1920. 

In  the  present  paper  captures  of  specimens  in  new  localities  and 
on  different  dates  during  the  period  1921-1924  inclusive,  are  recorded. 
Three  species  not  previously  reported  from  Indiana  are  listed,  bringing 
the  state  list  to  129  species.  I  have  added  the  records  of  my  own  cap- 
tures during  1924  to  the  notes  which  Mr.  Williamson  gave  me  for  tabu- 
lation; records  of  a  few  specimens  in  the  collections  of  Purdue  Univer- 
sity are  also  included. 

Unless  stated  otherwise  all  records  from  Gibson,  Knox,  Posey  and 
Tippecanoe  counties  are  based  on  specimens  taken  by  me  and  now  in  my 
collection.  Records  from  material  in  the  Purdue  collection  are  so  in- 
dicated. All  other  records  have  been  taken  from  E.  B.  Williamson's 
notes.  The  numbers  used  in  Williamson's  list  of  1917  are  followed  in 
this  paper. 

3.  Agrion  maculatum  Beauvois.  Several  specimens  from  Tippe- 
canoe County,  taken  in  May  and  June,  1923,  are  in  the  Purdue  collection. 
Black  River  Creek,  Gibson  and  Posey  counties,  July  4,  6,  1924.  Vane- 
mon  Swamp,  Wells  County,  June  22,  1924  (J.  H.  Williamson).  This  is 
the  first  record  of  an  agrionine  from  this  locality3. 

4.  Hetaerina  americana  Fabricius.  Many  from  Tippecanoe  County 
in  Purdue  collection.  Marion  County,  near  Indianapolis,  May  27,  1921. 
White  River,  near  Shoals,  Martin  County,  September  4,  1924  (B.  A. 
Porter).  Wea  Creek,  near  Indian  Hill,  Tippecanoe  County,  September 
13,  1924.  Mr.  E.  B.  Williamson  and  I  collected  along  the  Wabash  River 
at  Bluffton,  September  21  and  22,  1924,  finding  this  species  very  com- 
mon.    On  the  latter  date  one  of  the  specimens  taken  was  teneral. 

5.  Hetaerina  titia  Drury.  A  male  taken  near  Lafayette,  September 
23,  1922,  by  a  student,   (Purdue  collection). 

6.  Lestes  congener  Hagen.  Lafayette  Township,  Allen  County  (B. 
E.  M.).  Common  at  Vanemon  Swamp,  September  26,  1924,  where  Wil- 
liamson and  I  observed  a  pair  ovipositing  in  a  stem  of  Scirpus  fluviatilis 

1  E.  B.  Williamson.  An  Annotated  List  of  the  Odonata  of  Indiana,  Miscellaneous 
Publication  No.  2  of  the  University  of  Michigan,  Museum  of  Zoology,  1917.  12  pp. 
1   map. 

2  E.  B.  Williamson.  Notes  on  Indiana  Dragonflies,  Proc.  Ind.  Acad.  Sci.,  1920,  pp. 
99-104. 

3  E.  B.  Williamson.  Two  Days  with  Indiana  Odonata.  Ent.  News,  Vol.  32,  1921,  pp. 
19-23. 

"Proc.  Ind.  Acad.  Sci.,  vol.  34,  1924    (1925)." 
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Torr.  The  pair  moved  down  the  stem  depositing  eggs  at  short  intervals. 
The  female  was  observed  to  straighten  out  her  abdomen  after  each  egg 
was  inserted  in  the  tissues  of  the  plant.  After  the  pair  had  moved  down 
the  stem  several  inches  in  this  manner,  they  walked  up  the  stem  about  a 
foot  and  began  the  process  over  again.  This  move  was  carried  out  in 
perfect  unison;  although  we  could  observe  no  difference  in  their  actions 
from  those  at  other  times  until  the  move  was  begun,  the  pair  started  off 
up  the  stem  as  if  by  a  prearranged  plan  instead  of  down  the  stem  to  in- 
sert another  egg.  This  interesting  movement  was  seen  twice  during  the 
period  of  observation,  about  20  minutes.  A  section  of  the  plant  con- 
taining eggs  was  brought  to  the  laboratory  and  examined  under  the  mi- 
croscope. The  eggs  were  inserted  at  intervals  of  l1/2-4  mm.  and  pointed 
downward  at  an  angle  of  about  45°  with  the  surface  of  the  stem.  Most 
of  them  were  inclined  slightly  either  to  right  or  to  left,  from  the  plane 
passing  thru  the  line  of  punctures  and  the  center  of  the  stem.  The  egg 
is  cigar-shaped,  about  J  .4  mm.  long  and  .2-. 3  mm.  thick.  One  end  is 
rounded,  the  other  distinctly  restricted  to  a  narrow  tip.  It  is  greyish 
cream  in  color,  brownish  at  the  larger  end  and  brown  to  black  at  the 
restricted  end. 

8.  Lestes  eurinus  Say.  Two  males  of  this  species  were  taken  by 
sweeping  a  growth  of  water  smartweeds  in  a  pond  near  Decker,  Knox 
County,  July  13,  1924. 

9.  Lestes  forcipatus  Rambur.  Near  Lafayette,  May  26,  June  4,  27, 
1923  (Purdue  collection).  Taken  at  several  places  in  Knox  County, 
June  3,  July  18,  1924.     Posey  County,  near  Poseyville,  July  4,  1924. 

10.  Lestes  inequalis  Walsh.  Five  miles  east  of  Lagrange,  June  5, 
1921. 

11.  Lestes  red  angular  is  Say.  Pond  near  Poseyville,  July  4,  1924. 
Gibson  County,  three  miles  north  of  Poseyville,  July  6,  1924.  Knox 
County,  July  11,  18,  27,  1924.  Foote's  Lake,  Gibson  County,  August  10, 
1924. 

12.  Lestes  uncatus  Kirby.  Near  Indianapolis,  May  27,  1921.  Five 
miles  east  of  Lagrange,  May  21,  1921. 

15.  Argia  apicalis  Say.  A  single  female  from  White  River,  near 
Shoals,  Martin  County,  September  4,  1924  (B.  A.  Porter).  Gravel  pit, 
near  Vincennes,  August,  1924. 

16.  Argia  moesta  Hagen.  White  River,  near  Shoals,  Martin 
County,  September  4,  1924.     (B.  A.  Porter). 

18.  Argia  tibialis  Rambur.  Pond,  Gibson  County,  three  miles  north 
of  Poseyville,  July  5,  1924. 

20.  Argia  violacea  Hagen.  Near  Indianapolis,  May  27,  1921.  Small 
pond  near  Fritchton,  Knox  County,  July  18  and  26,  1924.  Gravel  pit, 
near  Vincennes,  August  2,  1924. 

21.  Enallagma  antennatum  Say.  Near  Indianapolis,  May  27,  1921. 
Small  ponds  in  Gibson  County,  two  and  one-half  to  three  miles  north  of 
Poseyville,  July  5  and  6,  1924. 

24.  Enallagma  calverti  Morse.  Vanemon  Swamp,  Wells  County, 
June  22,  1924;  two  males. 


Indiana  Dragonflies  385 

25.  Enallagma  civile  Hagen.  Near  Indianapolis,  May  27,  1921. 
Small  pond  in  Gibson  County,  three  miles  northwest  of  Poseyville,  July 
6,  1924;  very  common,  flying  in  pairs  along  the  margin  of  the  water  or 
resting  on  tips  of  grass  and  weeds  growing  in  the  water.  Gravel  pit, 
near  Vincennes,  July  3,  13,  August  3,  1924.  Vanemon  Swamp,  Wells 
County,  June  11,  15,  1922;  a  single  male  each  day.  The  capture  of  this 
species  at  this  swamp  for  the  first  time  and  the  captures  of  E.  calverti 
listed  above  are  the  only  records  of  Enailagmas  at  Vanemon  Swamp  since 
19204. 

26.  Enallagma  cyathigerum  Charpentier.  Pond,  Gibson  County, 
two  and  one-half  miles  north  of  Poseyville,  July  6,  1924. 

27.  Enallagma  divigans   Selys.     Near  Indianapolis,  May  27,  1921. 

29.  Enallagma  exsukms  Hagen.  White  River,  near  Shoals,  Martin 
County,  September  4,  1924  (B.  A.  Porter).  Black  River  Creek,  three 
miles  north  of  Poseyville,  July  6,  1924. 

30.  Enallagma  geminatum  Kellicott.  Near  Indianapolis,  May  27, 
1921.  One  mile  north  of  Vincennes,  June  12,  1924.  Gravel  pit,  near 
Vincennes,  August  2,  1924. 

34.  Enallagma  signatum  Hagen.  Gravel  pit,  near  Vincennes,  Au- 
gust 3,  1924. 

37.  Nehalennia  irene  Hagen.  Slough  along  Salamonie  River,  near 
Mt.  Etna,  Huntington  County,  June  22,  1921. 

38.  Amphiagrion  saucium  Burmeister.  Near  Indianapolis,  May  27, 
1921. 

39.  Chromagrion  conditum  Hagen.  Near  Indianapolis,  May  27, 
1921.     Slough  along  Salamonie  River,  Huntington  County,  June  22,  1921. 

41.  Ischnura  posita  Hagen.  Near  Indianapolis,  May  27,  1921. 
Ponds,  Gibson  and  Posey  counties,  two  or  three  miles  north  of  Posey- 
ville, July  4,  5,  6,  1924;  very  common. 

43.  Ischnura  verlicalis  Say.  Gravel  pit,  near  Vincennes,  August 
2,  3,  1924.  Ponds  in  Gibson  and  Posey  counties,  two  or  three  miles 
north  of  Poseyville,  July  4,  5,  6,  1924 ;  very  common. 

44.  Anomalagrion  hastatwm  Say.  Pond  in  Gibson  County,  two  and 
one-half  miles  north  of  Poseyville,  July  6,  1924. 

47.  Cordulegasler  maculatus  Selys.  Devil's  Hollow,  Allen  County, 
July  6,  1924.  A  female  taken  while  ovipositing  in  gravel  in  water 
Vz-%"  deep,  in  a  tributary  of  the  Aboite  River. 

48.  Cordulegaster  cbliquus  Say.  Near  Indianapolis,  May  27,  1921. 
Four  males  were  taken  of  this  species  which  had  been  taken  in  the 
state  but  once  since  Say's  record  in  18395. 

49.  Progomphus  obscurus  Rambur.  Near  Vincennes,  June  12  and 
July  3,  1924.     The  specimen,  a  teneral  female,  taken  on  July  3  was  rest- 

4  Williamson,    E.    B.      Two    Days    with    Indiana    Odonata.      Ent.    News,    Vol.    32,    1921, 
pp.   19-23. 

5  Williamson,    E.    B.       Notes    on    Indiana    Diasonflies,    Proc.    Ind.    Acad.    Sci.,     1920, 
p.  100. 
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ing  on  the  tip  of  a  dead  weed  a  few  feet  from  a  gravel  pit  in  the  manner 
of  Celithemis  elisa  which  was  common  on  that  date. 

50.  Hagenius  brevistylus  Selys.  A  female  from  near  Lafayette, 
undated   (Purdue  collection). 

52.  Erpeto  gomphus  designatus  Hagen.  Two  males  were  captured 
with  my  hat  on  the  bare  sand  near  Decker,  Knox  County,  July  16,  1924. 
This  species  was  common  in  a  well-cultivated  orchard  near  Vincennes, 
on  August  7,  1924,  resting  on  the  ground  with  wings  spread  out  against 
the  soil  but  taking  flight  so  readily  that  only  three  specimens  were  taken 
in  two  hours  although  I  saw  20  or  more. 

52a.  Gomphus  amnicola  Walsh.  This  species,  new  to  the  state  list, 
was  taken  three  times  during  the  past  summer;  a  male  was  captured  in 
an  orchard  on  the  bluffs  along  the  Wabash  River,  near  Vincennes,  June 
27,  a  female  was  taken  in  an  open  field  nearby  on  July  3  and  a  second 
male  in  the  same  locality  as  the  first,  August  7,  1924. 

53.  Gomphus  exilis  Selys.  Five  miles  east  of  Lagrange,  June  5, 
1921. 

56.  Govt  pirns  fraternus  Say.  White  River,  near  Indianapolis,  May 
27,  1921.  Four  specimens  from  Tippecanoe  County,  undated,  in  Purdue 
collection. 

58.  Gomphus  gra-slinellus  Walsh.  Canal,  near  Indianapolis,  May 
27,  1921.  This  species  was  found  distributed  along  the  Wabash  River, 
Wells  County,  at  pools  as  well  as  at  narrow  channels,  July  17,  1923;  one 
of  the  16  males  taken  was  feeding  on  a  specimen  of  Argia  tibialis.  Posey 
County,  near  Poseyville,  June  29,  1924  (R.  W.  Montgomery). 

59a.  Gomphus  notatus  Rambur.  Pond  in  Gibson  County,  three 
miles  northwest  of  Poseyville,  July  6,  1924;  a  single  male  making  the 
first  record  of  the  species  for  the  state. 

59b.  Gomphus  plagiatus  Selys.  A  female  of  this  species,  not  pre- 
viously known  from  the  state  was  taken  in  an  orchard,  near  Vincennes, 
July  2,  1924;  two  females  were  taken  on  July  3,  and  a  male  August  7, 
1924,  from  the  same  localities  as  the  specimens  of  G.  amnicola  cap- 
tured on  the  same  dates. 

60.  Gomphus  quadricolor  Walsh.  Salamonie  River,  Huntington 
County,  June  22,  1921. 

64.  Gomphus  vastus  Walsh.  Dr.  B.  A.  Poller  and  I  found  this 
species  common  in  an  orchard  near  the  Wabash  River,  Knox  County, 
June  5,  1924.     It  was  taken  here  also  June  9,  10,  29,  1924. 

65.  Gomphus  ventricosus  Walsh.  Canal,  near  Indianapolis,  May 
27,  1921.  Salamonie  River,  Huntington  County,  June  22,  1921.  Eight 
species  of  gomphines  were  taken  along  the  Salamonie  River  on  this 
date;  Progomphus  obscurus,  1  male,  1  female;  Ophiogomphus  rupinsu- 
lensis,  1  male;  Hagenius  brevistylus,  1  male;  Gomphus  fraternus,  3 
males,  1  female;  G.  graslinellus,  1  male;  G.  crassus,  1  female;  G.  quad- 
ricolor, 1  male;  G.  ventricosus,  1  female. 

69.  Dromogomphus  spoliatus  Hagen.  Foote's  Lake,  Gibson  County, 
August  10,  1924.     Robert  W.  Montgomery  and  I  found  this  species  com- 
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mon  on  the  bare  rocks  along  the  shore  of  the  lake.  Many  mating  pairs 
were  seen,  usually  coming  to  rest  in  the  grass  several  yards  from  the 
lake  although  two  pairs  were  seen  to  come  to  rest  in  trees. 

70.  Boyeria  vinosa  Say.  A  female  was  taken  at  Bluffton,  August 
2,  1922,  about  7:15  p.  m.,  several  minutes  after  sunset.  It  was  flying 
back  and  forth  through  the  spray  from  a  hose  being  used  to  sprinkle 
a  lawn  in  a  yard  that  was  quite  dark  because  of  surrounding  houses 
and  trees.  The  weather  had  been  very  dry  for  several  days  with  a 
maximum  temperature  of  82°. 

72.  Anax  Junius  Drury.  Many  in  Purdue  collection  from  Tippe- 
canoe County.  Several  localities  in  Knox  County,  July  11-16,  1924. 
Small  pond  in  Gibson  County,  three  miles  north  of  Poseyville,  July  16, 
1924   (R.  W.  Montgomery). 

75.  Aeshna  constricta  Say.  Purdue  collection,  from  Tippecanoe 
County,  near  Lafayette,  September  20,  1914.  "Happy  Hollow",  near 
West  Lafayette  October  5,  1924  (Robert  W.  Montgomery). 

78.  Aeshna  umbrosa  Walker.  "Happy  Hollow",  October  5,  1924. 
A  number  of  large  dragonflies  were  hawking  in  an  open  space  in  the 
woods.  Three  taken  were  all  different  species,  Aeshna  constricta,  A.  um- 
brosa, and  Anax  Junius.  I  spent  about  two  hours  watching  them  catch 
Diptera.  As  a  dragonfly  approached  a  small  insect  it  checked  its  speed 
slightly  and  drew  its  head  upward  and  backward  until  the  mouth  was 
in  an  anterior  position.  The  prey  was  caught  in  the  mouth  and  the 
mouthparts  were  seen  to  move  rapidly  as  the  dragonfly  flew  on  leaving 
a  vacant  space  where  the  smaller  insect  had  been  seen  a  moment  before. 

79.  Aeshna  verticalis  Hagen.  Vanemon  Swamp,  Wells  County,  Sep- 
tember 26,  1924.  A  collecting  party,  consisting  of  Dr.  F.  M.  Gaige,  Mr. 
J.  H.  Williamson,  Mr.  E.  B.  Williamson  and  myself  spent  the  afternoon 
at  this  swamp  which  has  been  intensively  studied  during  the  past  25 
years  as  an  example  of  the  woodland  swamp  dragonfly  fauna  of  In- 
diana, by  E.  B.  Williamson.  The  water  was  about  12-15  inches  deep  in 
the  swamp  and  fish  were  noticed  by  Mr.  Williamson  for  the  first  time 
since  he  has  had  the  swamp  under  observation.  Many  Aeshnas  were 
flying  over  the  water.  Of  20  captured  16  were  A.  constricta  and  four  A. 
verticalis,  the  latter  never  before  taken  here.  With  the  other  two 
species  recorded  for  this  locality  for  the  first  time  in  this  paper  the 
total  list  is  now  34°. 

80.  Nasiaeschna  pentacantha  Rambur.  Small  pond,  Gibson  County, 
three  miles  north  of  Poseyville,  July  5,  1924.  Foote's  Lake,  Gibson 
County,  August  10,  1924. 

81.  Epiaeschna  heros  Fabricius.  Two  females  from  Tippecanoe 
County,  one  undated,  other  April  1,  1923,  in  Purdue  collection.  While 
collecting  the  periodical  cicada  in  wooded  hills,  four  miles  northwest  of 
Stewartsville,  Posey  County,  June  24,  1924,  E.  W.  Montgomery  and 
Robert  W.  Montgomery  saw  a  dragonfly  flying  low  over  the  ground  carry- 
ing a  large  insect,  Capture  proved  the  dragonfly  to  be  this  species  and 
its  prey  a  cicada,  Tibicen  septemdecini  Linn. 

6  Williamson,  E.  B.  Two  Days  with  Indiana  Odonala.  Ent.  News,  Vol.  32,  1921, 
pp.    19-23. 
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83.  Macromia  illinoiensis  Walsh.  Open  meadow  among  wooded 
hills,  four  miles  northwest  of  Stewartsville,  Posey  County,  June  2,  1924 
(Robert  W.  Montgomery). 

85.  Macromia  taeniolata  Rambur.  Foote's  Lake,  Gibson  County, 
August  10,  1924.  Probably  12  or  15  individuals  were  patrolling  the 
shores  of  the  lake,  flying  over  spatter  dock  growth  six  to  ten  feet  from 
the  shore  and  three  to  five  feet  above  the  surface  of  the  water.  Robert 
W.  Montgomery  and  I  took  four,  all  males. 

87.  Epicordulia  princeps  Hagen.  Gravel  pit,  near  Vincennes,  Au- 
gust 3,  1924.     Foote's  Lake,  Gibson  County,  August  10,  1924. 

94.  Somatochlora,  linearis  Hagen.  Two  males  of  this  rare  species 
were  taken  along  a  small  creek  in  Lafayette  Township,  Allen  County, 
August  10,  1924,  by  Eli  Captain  and  25  males  were  collected  at  the  same 
place  two  days  later  by  A.  L.  Cook,  J.  H.  Williamson  and  E.  B.  Wil- 
liamson. 

96.  Libellula  cyai/ea  Fabricius.  Gibson,  Knox  and  Posey  counties, 
June  8,  July  21,  1924. 

98.  Libellula  incesta  Hagen.  Foote's  Lake,  Gibson  County,  August 
10,  1924. 

99.  Libellula,  luctuosa  Burmeister.  Gibson  and  Knox  counties,  June 
25,  August  10,  1924. 

100.  Libellula,  pulckella  Drury.  Two  females  from  Green  County, 
July,  1895,  in  Purdue  collection.  Near  Indianapolis,  May  27,  1921.  Five 
miles  east  of  Lagrange,  June  6,  1921.  Gibson  and  Knox  Counties,  June 
8,  July  27,  1924. 

102.  Libellula  semifasczata  Burmeister.  Tippecanoe  County,  1912 
(Purdue  collection).     Near  Indianapolis,  May  27,  1924. 

104.  Plathemis  lydia  Drury.  Near  Indianapolis,  May  27,  1921. 
Slough,,  along  Salamonie  River,  near  Mt.  Etna,  Huntington  County,  June 
21  and  July  31,  1921.  Gibson,  Knox  and  Posey  counties,  June  8,  August 
10,  1924.  Small  pool  of  water  along  road,  near  Lafayette,  September 
13,  1924. 

105.  Perithemis  tenera  Say.  Common  at  gravel  pits  and  ponds, 
Gibson  and  Knox  counties,  July  8,  August  10,  1924. 

107.  Erythemis  simplicicollis  Say.  Near  Indianapolis,  May  27, 
1921.  Gibson  and  Knox  counties,  June  8,  August  10,  1924.  While  col- 
lecting Hetaerina  and  Sympetra  along  the  Wabash  River  at  Blufftou, 
September  22,  1924,  I  saw  a  bit  of  green  flashing  among  the  weeds  and 
bushes  on  the  bank.  Upon  capture  I  found  it  to  be  a  female  of  this 
species  which  previously,  had  not  been  reported  from  the  state  later  than 
August  10.  A  female  taken  at  Foote's  Lake,  Gibson  County,  August 
10,  1924,  was  eating  a  specimen  of  Pachydiplax  longipennis. 

108.  Sympetrum  ambiguum  Rambur.  Drainage  ditch,  near  Ft. 
Wayne,  August  20,  1922. 

109.  Sumpetrum  corruptwm  Hagen.  Near  Lafayette,  May  13,  1923 
(Purdue  collection).  Small  creek,  Lafayette  Township,  Allen  County, 
September  21,  1924  (B.  E.  M.).  Gibson  County,  July  16,  20,  1924.  Near 
Lafayette,  October  2  and  9,  1924. 
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111.  Sympetrum  obtrusum  Hagen.  Near  Indianapolis,  May  27, 
1921.     Tippecanoe  County,  October  5,  1924. 

112.  Sympetrum  rubicundulum  Say.  Purdue  University  campus, 
Lafayette,  October  17,  1924. 

113.  Sympetrum  semicinctum  Say.  Buttonwood  Swamp,  Wells 
County,  July  16,  1922.  A  male  of  this  species,  picked  up  on  a  walk,  in 
Lafayette  about  7:30  a.  m.,  September  19,  1924,  by  R.  W.  Montgomery 
was  apparently  numb  and  inactive  until  brought  into  a  warm  room. 

114.  Sympetrum  vicinum  Hagen.  Ponds,  Knox  County,  July  6,  26, 
27,  1924.  Near  Lafayette,  October  2,  5,  19,  1925.  A  male  taken  hi 
Greene  County  in  1912  is  in  the  Purdue  collection. 

115.  Pachydiplax  longipennis  Burmeister.  Near  Indianapolis,  May 
27,  1921.  Gibson,  Knox  and  Posey  counties,  June  8,  August  10,  1924. 
At  a  pond  in  Knox  County,  near  Decker,  this  species  was  present  by  the 
hundred  in  a  growth  of  cattails,  lotus  and  watersmart  weed  which  had 
grown  up  in  the  pond. 

118.  Celithemis  elisa  Hagen.  Near  Lafayette,  June  25,  1923,  in 
Purdue  collection.  Small  pond  three  miles  northwest  of  Poseyville,  July 
16,  1924   (Pv.  W.  Montgomery). 

119.  Celithemis  eponina  Drury.  Gravel  pit,  near  Vincennes,  Au- 
gust 3,  1924. 

121.  Pantala  flavescens  Fabricius.  Gravel  pit,  near  Vincennes,  July 
11,  18,  and  August  5,  1924.  Small  pond,  three  miles  north  of  Posey- 
ville, July  20,  1924. 

122.  Pantala  hymenea  Say.  Gibson  County,  July  16,  1924.  Near 
Vincennes,  July  2,  1924  (B.  A.  Porter). 

124.  Train ea  lacarata  Hagen.  Many  in  Purdue  collection  from  Tip- 
pecanoe County,  taken  during  May,  June  and  September.  Five  miles 
east  of  Lagrange,  June  5,  1921.  Knox  County,  near  Decker,  July  11, 
13,  1924. 

125.  Tramea  onusta  Hagen.  Gravel  pit,  near  Vincennes,  July  11, 
13,  1924. 
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NEW  RECORD  OF  THE  SMALL  SHORT-TAILED  SHREW 

IN  INDIANA. 


Marcus  Ward  Lyon,  Jr.,  South  Bend. 

During  an  autumn  vacation  in  1924  in  the  Lake  Michigan  dunes  of 
Porter  County  my  wife  and  I  ran  a  few  lines  of  mouse  traps  in  various 
situations  in  order  to  obtain  as  complete  a  record  as  possible  of  the 
mammals  in  the  region.  In  addition  to  the  few  specimens  we  took  our- 
selves, Mr.  Elmer  Johnson  of  Chesterton  gave  us  several  carcasses  of 
mammals  that  he  had  trapped  for  fur.  Among  the  mammals  secured 
in  these  ways  are  examples  of  opossum  (Didelphis  virginiana  Kerr), 
prairie  mole  (Scalopus  aquations  machrinus  Rafinesque),  red  fox  (Vulpes 
fulva  Desmarest),  Mearns'  cottontail  (Sylvilagus  floridanus  mearnsi 
Allen),  Pennsylvania  vole  (Microtus  pennsylvanicus  Ord),  muskrat  (On- 
datra zibet hicus  Linnaeus),  and  western  fox  squirrel  (Sciurus  niger  ru- 
fiventer  Geoff roy).  All  of  these  I  have  previously  reported1  on  trust- 
worthy evidence  as  occurring  in  the  region  but  actual  specimens  were 
not  taken  at  that  time. 

In  addition  to  these,  a  specimen  of  the  small  short-tailed  shrew, 
(Cryptotis  parva  Say)  was  taken  in  a  line  of  mouse  traps  in  the  moist 
woods  of  Dune  Creek,  near  Tremont,  not  very  far  from  a  clearing.  The 
trees  of  the  woods  where  the  shrew  was  taken  are  red  maples  (Acer  ru- 
bmm) ,  black  and  white  oaks  (Quercus  velutina  and  alba),  and  tupelo 
(Nyssa  sylvatica)  ;  the  floor  is  carpeted  with  wintergreen  (Gaultheria 
procumbens) ,  Sphagnum  and  Polytrichum  and  a  rare  patch  of  arbutus, 
(Epigaea  re.pens) .  In  the  leaf  mold  are  a  considerable  number  of  run- 
ways. In  addition  to  the  short-tailed  shrew,  traps  set  in  or  about  these 
runways  yielded  many  of  the  common  large  short-tailed  shrew  (Blarina 
brevicauda  talpoides  Gapper)  and  a  few  specimens  of  the  northern 
white  footed  mouse  (Peromyscus  leucopus  noveborasensis  Fischer).  The 
specimen  was  a  male  and  had  these  measurements:  total  length  79,  tail 
18,  hind  foot  13  millimeters. 

This  record  extends  the  previously  known  range  of  this  species  in 
the  state  from  the  central  portion23  to  the  northern  boundary.  In  this 
general  area,  however,  the  species  has  been  taken  as  far  north  as  Ann 
Arbor,  Michigan4.  In  a  previous  paper  on  the  mammals  of  Porter  County 
I  listed  it  as  among  the  species  that  might  be  found  in  the  county. 

All  the  specimens  mentioned  in  this  note  have  been  deposited  in  the 
United  States  National  Museum,  Washington,  D.  C. 


1  Proc.   Ind.   Acad.   Sci.,   38th   meeting,   1922    (192:3),   pp.   209-222. 

2  Hahn,  Mammals  of  Indiana,  33d  Ann.  Rep.  Dept.  Geol.  and  Nat.   Res.  Indiana,  1908, 
p.   602,   1909. 

3  Cory,    Mammals   of   Illinois    and    Wisconsin.    Field   Mus.    Nat.    Hist..    Pub.    153,    Zool. 
Ser.,   Vol.   11,   pp.   430-432,   1912. 

4  Wood,   Occas.   Papers  Mus.   Zool.,   No,   123,   p.   fi,   1922,   July  10. 
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FINDS  OF  THE  AMERICAN  MASTODON   (MAMMUT 

AMERICANUM)   IN  DELAWARE 

COUNTY,  INDIANA. 


R.  A.  Gantz,  Indiana  State  Normal,  Muncie. 

In  the  36th  annual  report  of  the  Department  of  Geology  and  Nat- 
ural Resources  of  Indiana,  finds  of  a  Mastodon  in  Delaware  County  are 
recorded.  They  are  as  follows:  a  tooth  whose  grinding  surface  measured 
four  by  five  inches,  found  four  and  one-half  miles  west  of  Muncie;  ribs 
and  some  of  the  larger  bones  were  found  three  and  one-half  miles  south 
of  Muncie;  and  a  foot  bone  possibly  of  a  Mastodon  found  in  the  eastern 
part  of  the  county. 

Last  May  when  some  workmen  were  widening  and  deepening  a 
small  stream  about  two  miles  east  of  Muncie,  parts  of  a  Mastodon  were 
found.  An  upper  molar  having  a  grinding  surface  of  80  mm.  by  65 
mm.  was  found  lying  among  small  rocks  in  the  stream.  It  has  three 
ridges  and  two  valleys.  There  are  three  roots,  two  being  broken  and  a 
third  is  75  mm.  long  and  40  mm.  wide.  An  upper  third  molar  having 
four  ridges  and  four  roots,  two  of  which  are  broken  was  found  near 
the  tooth  first  described.     Both  teeth  seem  well  preserved. 

At  a  bend  in  the  stream  a  sort  of  a  pocket  had  been  formed.  At  the 
bottom  of  this,  the  distal  end  of  a  femur  was  struck  with  a  shovel  by  a 
workman.  After  draining  the  water  and  removing  the  muck,  the  bone 
was  removed.  This  femur  weighs  18%  pounds  after  being  thoroughly 
dried.  It  is  600  mm.  long  and  at  the  distal  end  is  175  mm.  wide.  It 
appears  as  a  bone  which  had  been  lying  exposed  in  a  field  some  months. 
These  bones  were  taken  to  the  laboratory  and  classified  by  the  writer. 

More  digging  was  later  done  by  the  Vertebrate  Zoology  class  in  the 
adjacent  muck,  but  only  fragments  of  ribs  and  of  the  pelvic  girdle  were 
found. 

Two  large  vertebrae  have  been  in  the  possession  of  Dr.  Hill  of 
Muncie  for  some  five  years.  He  says  that  they  were  taken  from  a 
gravel  pit  five  miles  west  of  Muncie  five  years  ago.  They  were  given  to 
the  State  Normal  and  the  author  classified  them  as  the  second  and  third 
vertebrae  of  the  American  Mastodon.  The  axis  is  210  mm.  high  and 
140  mm.  wide.  The  neural  cavity  is  75  mm.  by  70  mm.  The  odontoid 
process  is  46  mm.  high,  52  mm.  at  the  base  and  32  mm.  at  the  tip.  Its 
weight  is  three  pounds.  The  third  vertebrae  is  110  mm.  high  and  135 
mm.  wide.  Its  neural  cavity  is  60  mm.  high  and  66  mm.  in  diameter. 
Spinal  processes  are  destroyed.  These  two  bones  are  not  so  well  pre- 
served as  the  teeth  and  femur  which  may  be  due  to  the  time  since  re- 
moved and  the  kind  of  formation  in  which  they  were  found. 
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TECHNIQUE  OF  HANDLING  PLANARIA  IN  THE 
LABORATORY. 


S.  A.  Rifenburgh,   Purdue  University. 

Flat  worms  of  the  genus  Planaria  are  distributed  quite  generally 
through  the  Middle  and  Eastern  States  and  are  admirably  adapted  for 
illustrating  many  principles  of  physiology  and  anatomy,  yet  withal,  are 
easily  kept  in  the  laboratory.  In  short,  they  present  a  rare  combination 
of  scientific  worth  and  ease  of  handling,  and  therefore  are  valuable  to 
every  teacher  of  Zoology.  However,  knowledge  of  the  laboratory  tech- 
nique used  with  planarians  is  not  widely  known  among  those  not  special- 
ists in  Turbellaria.  The  methods  described  in  this  paper  apply  es- 
pecially to  Planaria  dorotocephala  Woodworth,  but  will  apply  in  general 
to  other  species  also. 

Planarians  live  in  fresh,  well  aerated  water  such  as  outlets  from 
springs  which  discharge  the  year  around  and  which  are  not  disturbed 
by  farm  animals.  In  an  ideal  situation,  there  is  a  continuous  movement 
of  the  water,  but  scarcely  any  current.  They  are  most  numerous  among 
the  leaves  and  other  organic  material  at  the  bottom  of  the  stream  and 
near  the  edge,  where  they  can  be  found  usually  at  any  time  of  the  year. 
However,  after  heavy  rains  their  number  may  be  depleted  greatly  by 
being  washed  down  stream,  or  if  the  water  should  become  stagnant,  they 
will  die.  Their  food  is  obtained  by  sucking  the  body  fluids  from  isopods 
and  amphipods  to  which  they  attach  themselves  by  their  probosces. 

For  working  with  planarians,  one  needs  a  large  dishpan  or  other 
similar  container,  a  cover  for  it,  (a  circular  piece  of  sheet  metal  two 
inches  greater  in  diameter  than  the  top  of  the  pan  makes  a  good  cover) 
a  glass  tube  about  ten  inches  in  length  with  a  large  rubber  bulb  on  the 
end,  a  pair  of  forceps  about  ten  inches  long  and  several  medicine  drop- 
pers with  slightly  larger  openings  than  usual. 

For  gathering  these  animals,  the  collector  provides  himself  with  a 
glass  fruit  jar,  the  large  forceps  mentioned  above  and  a  pound  of  fresh 
lean  beef,  cut  into  pieces  about  one  half  inch  thick  and  two  inches 
square.  The  forceps  are  used  to  handle  the  pieces  of  beef  which  are 
dropped  into  the  water  where  the  worms  live.  In  about  15  minutes,  the 
collector  returns  and  examines  the  meat.  If  the  worms  are  at  all  numer- 
ous, many  of  them  will  be  seen  clinging  to  the  meat.  The  pieces  of 
meat  with  the  worms  on  it  are  lowered  by  means  of  the  forceps  into  the 
fruit  jar  where  the  worms  may  be  shaken  off,  after  which  the  meat  may 
be  replaced  to  catch  more  planarians.  In  a  good  location  one  can  gather 
a  large  number  of  planarians  in  a  short  time.  The  author  has  collected 
enough  to  cover  the  bottoms  of  three  pint  fruit  jars  to  the  depth  of  one- 
half  inch  in  15  minutes.  When  sufficient  worms  have  been  collected,  all 
meat  should  be  removed  from  the  water,  as  decayed  meat  might  kill 
many  of  the  remaining  worms  and  impoverish  the  supply  in  the  stream. 
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The  worms  should  be  taken  to  the  laboratory  as  soon  as  possible 
and  placed  in  large  pans.  A  half  inch  of  them  in  the  bottom  of  a  pint 
jar  are  enough  to  put  in  one  large  clishpan.  They  should  be  covered 
with  well  aerated  water  to  within  an  inch  of  the  top  of  the  pan  and 
covered.  Any  dirt,  leaves,  pieces  of  meat  or  other  foreign  material 
should  be  removed  from  the  pan  by  means  of  the  bulb  and  tube. 

If  much  chlorine  or  other  chemical  has  been  added  to  the  tap  water, 
it  will  kill  the  planarians.  In  such  event,  well  water  or  water  from  the 
natural  habitat  must  be  used. 

About  three  times  per  week  the  worms  should  be  fed  and  given 
fresh  water  as  follows.  First  pour  off  all  but  about  one  and  one-half 
inches  of  water.  If  the  worms  stick  to  the  sides  of  the  pan,  they  may 
be  washed  down  into  the  water  by  squirting  water  on  them  with  the 
bulb  and  tube.  Then  place  in  the  pan  about  six  strips  of  fresh  beef 
liver  about  one-half  inch  square  and  four  inches  long.  The  pan  should 
then  be  covered  and  left  about  four  hours  which  will  be  plenty  of  time 
for  all  to  feed.  The  worms  should  then  be  shaken  off,  the  meat  removed 
and  the  water  changed.  Should  the  meat  be  left  in  the  pan  until  next 
day,  enough  decay  would  take  place  to  kill  part  or  the  entire  stock.  One 
should  be  careful  to  aerate  the  water  and  not  to  fill  higher  than  one  inch 
from  the  top,  as  the  animals  might  get  on  the  under  side  of  the  cover 
and  be  lost.  Any  small  pieces  of  meat  may  be  removed  by  the  bulb  and 
tube.     Planarians  may  also  be  fed  blood  with  slight  change  in  technique. 

The  medicine  droppers  with  large  openings  are  used  for  picking  out 
the  worms  and  handling  them  when  they  are  needed  for  demonstration  or 
experimentation. 

The  following  books  give  an  idea  of  the  uses  that  are  being  made  of 
Planaria  in  research.     The  latter  contains  a  bibliography. 

Individuality  in  Organisms — Child.     University  of  Chicago  Press. 

The  Origin  and  Development  of  the  Nervous  System — Child.  The 
University  of  Chicago  Press. 
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A  COMPARATIVE  STUDY  OF  THE  NEST  LIFE  OF  THE 
TOWHEE,  MEADOW  LARK  AND  ROSE- 
BREASTED  GROSBEAK. 


Sidney  R.  Esten,  Indiana  University. 

The  observations  here  reported  were  made  at  Winona,  Indiana,  dur- 
ing" the  summer  of  1924  by  use  of  a  bird  blind.  The  blind  was  made  of 
an  umbrella  covered  with  burlap  and  supported  by  a  long  copper  tube 
with  a  spike  in  the  end  which  was  driven  into  the  ground.  The  upper 
half  of  the  burlap  was  green  and  the  lower  half  extending  to  the  ground 
was  brown.  The  side  away  from  the  nest  was  opened  and  closed  by 
means  of  a  slit  that  could  be  fastened  by  buttoning  it  to  the  opposite 
flap,  and  holes  for  observation  purposes  were  cut  in  the  burlap  at  dif- 
ferent heights  from  the  ground.  A  camp  stool  and  a  pair  of  Bausch 
and  Lomb  Number  six  binoculars  comprised  the  equipment  of  the  tent- 
like blind.     Two  observers  were  necessary  for  relief  purposes. 

The  nests  of  the  towhee,  meadowlark  and  rose-breasted  grosbeak 
were  selected  because  of  the  easy  accessibility  of  the  nests, — the  towhee 
and  meadowlark  being  on  the  ground  and  the  grosbeak  about  five  feet 
above  the  ground  in  an  elderberry  bush — and  because  of  my  own  per- 
sonal interest  in  these  three  species. 

The  dates  of  the  observations  were  as  follows:  rose-breasted  gros- 
beak on  June  26,  meadowlark  on  July  2,  3,  and  4,  and  the  towhee  on 
July  15.  The  time  of  observation  in  each  case  was  17  hours, — from 
3:30  a.  m.  to  8:30  p.  m.  The  blind  was  set  up  near  the  nest  before  day- 
light and  taken  down  at  night  after  dark. 

In  each  case  under  observation  four  young  from  six  to  nine  days 
old  were  found  in  the  nests.  The  juvenal  plumage  was  about  half  de- 
veloped on  the  towhees  and  meadowlarks  and  was  just  starting  on  the 
grosbeaks. 

Frank  Chapman  speaks  of  the  meadowlark  as  one  of  the  most  sus- 
picious of  birds  with  regard  to  the  intrusion  of  a  blind  into  its  nest 
activities  and  we  found  it  true  for  the  male  meadowlark  was  the  first 
to  brave  a  trip  to  the  nest  one  hour  and  two  minutes  after  his  first  in- 
spection trip  over  the  blind.  The  female  came  for  her  first  trip  15 
minutes  later  and  then  waited  27  minutes  before  her  second  visit  while 
the  male  waited  one  hour  and  43  minutes  before  venturing  to  the  nest 
a  second  time.  When  the  blind  was  used  on  the  subsequent  days  it  was 
taken  for  granted  as  a  part  of  the  landscape  and  nest  life  appeared 
normal.  The  towhee  was  very  suspicious  and  it  was  two  hours  before 
the  male  first  ventured  to  the  nest,  followed  one  minute  later  by  the 
female.  The  next  trips  were  made  by  both  sexes  within  five  minutes 
and  from  then  on  they  came  regularly  all  day.  The  rose-breasted  gros- 
beak showed  no  concern  at  all  over  the  blind  and  its  activity  went  on 
with  no  apparent  interruption. 

"Proc.  Ind.   Acad.  Sci.,  vol.  34,  1924    (1925)." 
27—30567 


398 


Proceedings  of  Indiana  Academy  of  Science 


From  the  blind  at  the  towhee's  nest  19  different  species  of  birds 
were  seen  or  heard  during  the  day;  17  from  the  meadowlark's,  and  21 
from  the  grosbeak's.  The  nearest  nest  to  the  meadowlark's  was  over 
100  feet  distant,  but  a  peewee's  nest  was  in  use  at  a  distance  of  only 
20  feet  from  the  towhee's  nest.  We  found  about  25  nests  of  different 
species  within  100  feet  of  the  grosbeak's  nest, — the  nearest  being  that 
of  a  wood  thrush  about  25  feet  away. 

The  activities  of  the  adults  in  each  case  were  limited  to  areas 
within  100  feet  from  the  nests,  and  within  these  areas  they  carried 
excreta,  found  their  food,  sang  and  called.  In  each  case  the  adults  had 
favorite  perches  where  they  sat,  preened  their  feathers,  watched  the 
nest,  sang  or  called.  The  meadowlark's  perches  varied  in  distance  from 
25  to  50  feet  from  the  nest,  but  the  male  used  two  of  them  more  than 
the  others.  One  favorite  place  was  on  a  fence  post  and  the  other  at  the 
end  of  a  dead  limb  of  a  tree  at  the  edge  of  the  meadow.  The  towhees 
and  grosbeaks  used  four  or  five  perches  which  were  nearly  equidistant 
from  the  nest  and  encircled  it. 

The  meadowlark's  nest  was  made  of  grass  and  was  situated  in  a 
clump  of  grass  about  18  inches  tall,  in  the  middle  of  an  open  field.  The 
towhee's  was  made  of  grass  and  twigs  in  an  open  woods,  while  that  of 
the  rose-breasted  grosbeak  was  a  simple  platform  of  twigs  hastily  thrown 
together  to  form  an  apparently  weak  structure. 

Several  things  were  the  same  in  the  three  cases  observed.  All  ate 
much  more  excreta  than  they  carried  away.  In  each  case  the  male 
was  the  first  to  come  to  the  nest.  The  young  called  all  day  up  to  the 
time  for  the  night  brooding. 

TABLE  1.    COMPARATIVE  STUDY  OF  MEADOW  LARK,  TOWHEE  AND  GROSBEAK* 


Trips  for  feeding 

Without  feeding 

Total  trips  to  nest 

Excreta  eaten 

Excreta  carried 

Total 

Male  fed  Female  while  Brooding. 

Times  Brooding  in  Day 

Time  spent  in  Brooding 

Actual  time  at  Nest 

Came  to  nest  on  average  of  every 
Average  time  at  Nest 


Towhee 


Male     Female  Total 


149m 


7 

70  min. 

68m 

10m 


150 

0 

150 

44 


217m 


Meadow  Lark 


Male    Female  Total 


361  -»m 

34m 

l',m 


3 

20  min. 
931  '2m 
14?  2m 

1  Mm 


94 
0 
94 
83 
23 
106 


130M1 


Grosbeak 


Male    Female   Tola! 


49 

6 

55 

40 

3 

43 

6 

60  min 
183m 

17'.  -in 
3Mm 


24 
200  min. 
406m 
25m 

in1  jin 


30 
260m 
589m 


TABLE  2.     COMPARATIVE  STUDY  OF  MEADOW  LARK,  TOWHEE  AND  GROSBEAK. 


Towhee 


Meadow  Lark 


Grosbeak 


Times  when  both  parents  were  at  nest  togethei 

Actual  time  togethei'  at  nest  (in  minutes) 

Number  of  times  that  young  were  alone  in  day 

Actual  time  young  were  alone  (in  hours) 

Longest  time  awav  from  nest  (in  minutes) 

When 

Next  longest  time  away  from  nest  (in  minutes) 
When.... 


11 

IIS 
4.04 
26 
6:30-7  P.  M. 

25 
5-5:30  P.  M. 


3 

2 

89 

13.08 

34 

6-6:30  A. 

33 
10-11  A. 


25 

48 
6.5 

41 
3-4  P.  M. 

30 
2  3  l\  M. 
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In  other  things  there  were  great  variations.  (See  tables  1  and  2 
for  a  comparative  study  of  the  nest  activities.)  The  female  towhee 
and  grosbeak  stayed  at  the  nest  all  night,  while  the  female  meadowlark 
appeared  at  4:05  at  the  first  signs  of  dawn  and  left  at  7:20  when  it 
grew  dark.  After  brooding  all  night  the  female  towhee  left  the  nest 
at  3:45  a.  m.,  to  begin  the  day's  activities  and  at  7.38  p.  m.  settled  down 
again  for  the  night.  The  female  grosbeak  left  the  nest  at  4:05  after 
brooding  all  night  and  after  the  male  had  made  one  trip  to  feed  her 
and  another  to  feed  the  young.  She  returned  to  brood  again  at  7:13 
p.  m.  for  the  day  had  been  dark  and  cool  and  rain  began  to  fall  about 
6:45. 

Another  matter  of  difference  was  the  method  of  approaching  and 
leaving  the  nest.  Both  male  and  female  towhee  flew  to  a  point  from  two 
to  ten  feet  from  the  nest  and  then  hopped  the  rest  of  the  way.  Both 
adults  of  the  meadowlark  flew  to  about  four  feet  from  the  nest  and 
then  walked.  The  grosbeaks  came  by  direct  flight  about  half  of  the  time 
and  the  rest  of  the  time  from  a  perch  within  a  foot  of  the  nest.     In 


TABLE  3      COMPARATIVE  FEEDING  CHART 


Number  of  times  that  one  nestling 

was  fed 

Number  of  times  that  two  nestlings 

were  fed 

Number  of  times   three  nestlings 

were  fed 

Number    of    times    fo.ir    nestlings 

were  fed 

Trips  to  nest  withoat  feeding 

Total  trips  made  to  nest 

Average    number    of    feedings  for 

each  nestling 

Actual  feedings  given  by  each  adult 
Each  young  bird  feed  on  average 

(times) 


Towhee 


Male     Female  Total 


65 

20 

(i 

ii 

0 

85 

041 
105 


119 

31 

0 

n 

0 

I. VI 


181 
45 


Meadow  Lark 


Male    Female  Total 


22 

30 

I  I 

0 

0 

66 

31 
124 


160 
40 


Grosbeak 


Male    Female  Total 


5 

20 

6 

15 

9 

55 

31 

l:1:: 


208 
52 


TABLE  4.     KINDS  OF  FOOD  CONSUMED. 


Caterpillars 

Moths 

Dragon  Flies 

Crane  Flies 

Mosquitoes 

Grasshoppers 

Crickets 

June  Bugs 

Beetles  (unclassified  as  to  fam- 
ily)  

Grub-worms  (insect  larvae) .... 

Spiders 

Earthworms 

Unclassified  insects 

Mulberries 

Seeds  (number  of  times  brought) 

Unclassified  Food 

Total  Feedings 

Trips  to  nest  without  feed.  . . 
Total  trips  during  day 


Towhee 


41 

150 

0 

150 


Meadow  Lark 


M 


Grosbeak 


Grand 
Total  of 
3  species 


400 
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leaving  the  nest  the  towhees  always  flew  directly  from  it,  the  meadow- 
larks  either  flew  directly  or  took  several  steps  before  flying,  and  the 
grosbeak's  flight  was  directly  away  without  the  use  of  any  perches. 

As  the  feeding  of  the  young  is  the  universal  duty  of  nest  life  it  is 
of  primary  importance.  Tables  3  and  4  record  the  kinds  of  food  given 
and  a  comparative  feeding  schedule.  The  towhees  and  meadowlarks 
fed  the  insects,  seeds  and  other  foods  directly  from  bill  to  throat,  but  the 
rose-breasted  grosbeak  always  regurgitated  all  foods  given.  Usually 
this  regurgitation  took  place  at  the  nest  so  it  was  possible  to  identify 
over  half  of  the  food.  Tables  5  and  6  give  the  per  cents  of  different 
kinds  of  food  given,— one  taking  into  conside nation  the  unidentified  food 
and  the  other  giving  only  the  per  cents  of  the  food  which  was  identified. 


TABLE  5.     PER  CENTS  OF  IDENTIFIED  AND  UNIDENTIFIED  FOODS. 


Tovvhee 

Meadow  Lark 

Grosbeak 

27.33% 
12.67% 
3.33% 
56.67% 

18.00% 

45 .  50% 

■  75% 

Seeds 

Insects 

7.50% 

70.     % 

1.     % 

3.     % 

44.75% 
9.00% 

TABLE 


PER  CENTS  OF  IDENTIFIED  FOODS. 


Towhee 


Meadow  Lark 


Grosbeak 


Berries 

Seeds 

Insects 

Chaetopods  (Earthworms). 
Arachnids  (Spiders) 


17.5  % 

4.5  % 
78.00% 


10  (H)«; 

87.00% 

.75% 

2.25', 


2  :w , 

81.36% 
16.31% 


A  distinction  was  made  between  song  and  call  and  therefore  the 
calls  of  the  three  species  are  not  shown,  but  in  figure  1  is  a  graph  show- 
ing the  songs  during  the  day  of  the  male  meadowlark  and  the  male  gros- 
beak.    The  male  towhee  sang  so  seldom  that  no  record  was  made  of  it. 

In  conclusion,  I  shall  summarize  briefly  a  few  of  the  main  differ- 
ences in  the  habits  of  these  three  birds.  First: — The  male  towhee 
made  more  trips  than  his  mate,  while  the  nest-cleaning  duties  were 
evenly  divided.  Both  adults  usually  fed  only  one  young  at  a  time. 
The  male  did  not  brood  but  he  fed  the  female  each  time  she  brooded 
during  the  day.  The  male  took  nesting  duties  with  greater  concern 
than  the  meadowlark  male.  Both  towhees  were  very  cautious  and  sus- 
picious, seeming  more  timid  than  the  meadowlarks.  They  made  in- 
numerable trips  and  flights  to  and  around  the  blind,  but  when  apparently 
satisfied  with  their  inspection,  they  went  on  with  the  regular  duties. 
Second : — The  meadowlarks  were  suspicious  and  very  timid,  possibly 
because  of  the  open  spaces  where  they  nest,  and  even  after  they  had 
^one  to  the  nest  they  kept  the  blind  under  close  scrutiny  and  continued 
their  inspection  flights  around  it.  The  male  was  less  timid  than  his 
mate  but  felt  the  nest  responsibilities  much  less  than  the  males  of  the 
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other  two  species.  He  never  fed  the  female  while  she  brooded,  seldom 
went  to  the  nest  when  she  was  there,  and  fed  the  young  much  less  than 
she  did.  Much  of  his  time  was  spent  on  his  favorite  perch  guarding 
the  nest  and  calling  while  the  female  did  most  of  the  actual  work  of 
feeding.  In  cleaning  the  nest  both  were  about  equal  in  activity.  Third: 
— The  male  grosbeak  was  the  greatest  singer,  the  least  annoyed  by  in- 
vasion and  the  least  suspicious.  He  made  more  trips  and  fed  more  than 
the  female  who  spent  much  of  her  time  at  the  nest.  He  seemed  to  be 
the  best  nest  mate  of  the  three  species  for  he  did  his  share  of  the  brood- 
ing while  the  other  two  males  did  not.     Although  the  grosbeaks  made 
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Fig.  1.  Graph  showing  a  comparison  of  the  number  of  times  the  Rose-breasted 
Grosbeak  and  Meadow  Lark  sang,  and  the  number  of  times  per  hour  from  3:00  a.  m. 
to  9:00  p.  m.  The  continuous  line  refers  to  the  Grosbeak  (total  689  times  singing  during 
day)    and  broken   line  to  the  Meadow   Lark    (total   183   times   singing  during  day). 


fewer  trips  to  the  nest  than  the  others,  yet  they  fed  more, — feeding- 
each  young  on  an  average  of  52  times  a  day.  The  female  brooded  much 
more  during  the  day  than  the  females  of  the  other  two  species,  and  the 
grosbeaks  guarded  the  nest  by  staying  at  it  more  hours  of  the  day  than 
the  others.  It  was  the  usual  custom  with  this  species  for  one  to  stay 
at  the  nest  until  the  other  came  and  then  to  leave  as  the  other  alighted 
on  the  nest.  The  male  ate  more  excreta  and  cleaned  the  nest  more 
than  the  female,  but  she  rearranged  the  twigs  of  the  nest  and  repaired 
it  four  times  during  the  day.  Both  ate  lice  a  number  of  times.  With 
the  rose-breasted  grosbeaks  the  duties  were  more  evenly  accepted  by 
both  sexes  than  they  were  by  the  ether  species. 
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OBERVATIONS  ON  SUMMER  BIRDS  OF  WINONA  LAKE, 
WITH  A  LIST  OF  SPECIES. 


Louis  Agassiz  Test,  Purdue  University  and  Sidney  R.  Esten,  Indiana 

University. 

Winona  Lake  in  Kosciusko  County  with  its  diversified  environment 
of  water,  woods,  swamps  and  open  fields  furnishes  unusual  opportunities 
for  bird  studies. 

The  observations  here  recorded  were  made  during  the  summers  of 
1923  and  1924,  mostly  between  June  15  and  August  25,  and  so,  in  almost 
all  cases,  are  those  of  nesting  birds.  The  list  of  80  species  includes  only 
those  seen  by  the  observers  but  appended  is  a  list  of  seven  reported  by 
others  and  in  most  cases,  at  least,  the  report  is  probably  correct.  One 
of  the  surprising  features  was  the  small  number  of  water  and  shore 
birds  seen,  the  absence  of  the  latter  probably  being  due  to  the  fact  that 
Winona  Lake  has  very  little  exposed  shore  line. 

The  notes  for  1923  were  made  by  one  observer  only  but  in  this 
year  three  birds  were  noted  which  were  not  seen  in  1924  though  several 
new  ones  were  added  to  the  original  list  in  the  latter  year. 

The  following  list  includes  all  species  seen  both  years  at  Winona 
Lake  and  in  the  country  within  a  few  miles  of  the  lake. 

Podilymbus  podiceps.  Pied  billed  grebe.  Rare.  Seen  at  Lake 
Wawasee  July  26,  1924,  but  not  at  Winona  Lake. 

Hydrochelidon  nigra  Surinam ensis.  Black  tern.  Not  uncommon. 
Seen  only  towards  the  middle  or  last  of  August  flying  over  the  lake. 
Common  at  Lake  Wawasee  July  26,  1924. 

Ixobrychus  exilis.  Least  bittern.  Seen  during  summer  of  1924  in 
the  marshes  on  the  west  side  of  the  lake. 

Botaurus  lentiginosus.  American  bittern.  Not  common.  Seen  two 
or  three  times  on  west  side  of  lake  in  1924. 

Ardea  herodias  herodias.  Great  blue  heron.  Not  common.  Seen 
mostly  towards  south  end  of  Winona  lake  or  flying  over.  No  record  of 
its  nesting. 

Butorides  virescens  virescens.  Green  heron.  Rare;  but  one  record 
for  the  two  years.  Seems  as  if  it  should  be  common,  as  several  were 
seen  from  the  interurban  on  the  trip  from  Lafayette  to  Winona  Lake. 

Nycticorax  nycticorax  noevius.  Black-crowned  night  heron.  Rare. 
One  seen  at  Chapman's  Lake  July  17,  1924. 

Rallus  elegans.  King  rail.  Common  along  the  marshy  shores.  Old 
with  young  frequently  seen  near  Kosciusko  Lodge. 

Fulica  americana.     American  coot.     Rare.     Seen  once  during  1924. 

Gallinago  delicata.     Wilson's  snipe.     Rare.     Seen  once  during  1923. 
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Philo field  minor.  American  woodcock.  Common.  Found  in  marshy 
ground  near  Boys  City. 

Pisobia  maculata.  Pectorial  sandpiper.  Seen  once  during  1924  with 
spotted  sandpipers  near  Biological  Station. 

Actitis  maculwria.  Spotted  sandpiper.  Common.  Evidently  nested 
near  the  Biological  Station. 

Oxyechus  vociferus.  Kildeer.  Abundant.  Always  seen  along  the 
ponds  in  the  gravel  pits  where  it  apparently  nested. 

Colinus  virginianus.  Quail.  Common.  Often  seen  in  the  woods  as 
well  as  the  fields. 

Zenaidura  macroura  carolinensis.  Mourning  dove.  Abundant  every- 
where and  a  number  of  nests  were  found.  At  least  three  broods  were 
raised  by  one  pair  in  a  season. 

Catharates  aura  septentrionalis.  Turkey  vulture.  Not  common. 
Occasionally  seen  southeast  of  Boys  City.     Probably  nests. 

Circus  hudsonius.  Marsh  hawk.  Not  uncommon.  Nest  and  four 
young  able  to  care  for  themselves  seen  August  2,  1924  in  a  marsh  on 
the  west  side  of  the  lake. 

Accipiter  velox.  Sharp-shinned  hawk.  Seen  several  times  and  nest 
found  in  woods  about  a  mile  east  of  Winona  Lake. 

Accipiter  cooperi.  Cooper's  hawk.  Seen  only  by  Mr.  Esten  on  way 
to  Lake  Tippecanoe  July  26,  1924. 

Biiteo  hiretus.  Red-shouldered  hawk.  Only  record  is  of  one  which 
had  been  killed  by  a  farmer  about  four  miles  from  Winona  Lake  and 
was  seen  August  9,  1924,  by  Carl  Gilpin  and  Fred  Test. 

Buteo  latissiruus.  Broad-winged  hawk.  Not  common  but  recorded 
each  year. 

Falco  sparverius.  Sparrow  hawk.  Rare.  Seen  only  once  August 
12,  1924. 

Syrnium  nebulosum.  Barred  owl.  Common  in  woods  towards  Boys 
City.  Frequently  heard.  Mr.  Van  Dyke's  boys  took  two  young  in  the 
spring  of  1924  from  a  nest  in  a  large  sycamore  and  kept  one  all  sum- 
mer. 

Otus  asio  asio.  Screech  owl.  Apparently  not  common.  Heard  only 
a  few  times,  but  a  family  of  young  was  reported  in  1924  on  the  hill- 
side near  the  tabernacle. 

Coccyzus  americanus.  Yellow-billed  cuckoo.  Common.  Seen  fre- 
quently in  all  parts  of  the  park. 

Coccyzus  erythrophthalmus.  Black-billed  cuckoo.  Seen  occasion- 
ally though  not  nearly  so  common  as  the  former. 

Ceryle  alceyon.  Belted  kingfisher.  Common.  Three  young  able  to 
fly  were  taken  from  a  nest  hole  in  the  gravel  bank  at  the  foot  of  Chest- 
nut street,  and  banded  July  5,  1924. 

Dryobates  villosus.  Hairy  woodpecker.  Rare.  Seen  only  once  or 
twice  in  the  two  seasons. 
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Dryobates  pubescens.  Downy  woodpecker.  Common.  Seems  to  nest 
commonly  though  no  occupied  nests  were  found. 

Melanerpes  erythrocephalus.  Red-headed  woodpecker.  Common, 
particularly  in  the  town  where  they  nest  in  the  white  oaks. 

Colaptes  auratus.  Flicker.  Abundant  throughout  the  region  and 
found  commonly  in  the  mulberry  trees. 

Antrostomus  vociferus.  Whip-poor-will.  Not  very  common.  Heard 
both  years  but  only  occasionally  and  seemed  more  plentiful  on  the  west 
and  south  side  of  the  lake  than  on  the  east  side. 

Chordeiles  virginianus.  Nighthawk.  Rare.  Probably  does  not  nest. 
Was  seen  only  once  each  year  and  then  late  in  August  flying  over  the 
lake. 

Choctura  pelogica.  Chimney  swift.  Common  but  can  hardly  be 
called  abundant.  Often  seen  flying  around  the  ventilating  shafts  of  the 
Summer  School  Building  but  no  nests  were  found  when  these  were  ex- 
amined. 

Archilochus  colubris.  Ruby-throated  hummingbird.  Common.  Five 
nests  were  found  in  1924,  the  first  with  fresh  eggs  about  June  20.  An- 
other was  under  construction  July  16  and  the  last  apparently  with  eggs 
about  August  1.  One  nest  was  on  a  limb  about  ten  feet  above  a  much 
traveled  street  of  the  town. 

Tyrannies  tyrannus.  Kingbird.  Fairly  common.  Nest  with  young 
found. 

Myiarchus  crinitus.  Crested  flycatcher.  Not  uncommon  in  woods 
east  of  Boys  City.  In  1924  a  pair  took  possession  of  a  martin  box  near  a 
house.  The  box  had  been  occupied  by  sparrows  but  they  drove  the  spar- 
rows away  making  their  own  nest  and  rearing  their  young. 

Sayornis  phoebe.  Phoebe.  Common.  Found  nesting  under  the 
porches  of  summer  cottages.  The  nest  of  one  was  observed  from  a  blind, 
the  nest  being  placed  on  the  porch  floor  for  observation  where  the  old 
birds  fed  their  young  as  usual. 

Myiochanes  virens.  Wood  pewee.  Abundant  everywhere;  in  the 
woods  and  in  the  town.  At  least  ten  occupied  nests  were  found  in  1924. 
Some  were  in  thick  woods  and  others  in  open  woods  or  trees  around 
houses.     One  of  the  most  characteristic  of  the  summer  birds. 

Empidonax  virescens.  Acadian  flycatcher.  Net  very  common.  Seen 
and  heard  occasionally  in  the  deep  woods  between  Boys  City  and  the 
lake.     Two  nests  were  found  in  1924. 

Empidonax  minimus.  Least  flycatcher.  Not  common.  A  few  were 
seen  and  heard  in  the  thick  woods  but  no  nests  were  found. 

Otocoris  alpestris.  Horned  lark.  Rare.  Seen  only  twice,  once  each 
year. 

Cyanocitta  cristata.  Blue  jay.  Common,  particularly  in  the  large 
oaks  in  the  town.     Nests  and  young  were  found. 

Corvus  brachyrhynchos.  Crow.  Common.  Heard  on  practically 
all  trips.     Nests  were  also  found. 
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Dolichonyx  oryzivorus.  Bobolink.  Rather  rare.  Seen  each  year  at 
Chapmans  Lake.  In  1923  a  small  flock  was  seen  after  nesting  season 
and  in  1924  a  single  male  July  18.  A  small  flock  was  seen  over  a  marsh 
on  the  west  side  of  Winona  Lake  August  15,  1924. 

Molothrus  ater.  Cowbird.  Abundant  everywhere  and  eggs  were 
found  in  a  number  of  nests. 

Agelaius  phoenicens.  Red-winged  blackbird.  Common.  Nests  in 
the  marshes.  Very  common  up  to  the  middle  of  July  after  which  time 
it  became  much  less  common  and  on  a  number  of  trips  was  not  seen 
at  all. 

Sturnella  magna,.  Meadowlark.  Common  but  not  abundant.  A  nest 
was  found  on  the  Summer  School  campus  and  studied  extensively  from 
a  blind. 

Icterus  spurius.     Orchard  oriole.     Rare.     Seen  only  once  each  year. 

Icterus  galbula.  Baltimore  oriole.  Very  abundant  and  found  every- 
where throughout  the  region,  at  least  seven  occupied  nests  being  found, 
mostly  near  houses.  Were  very  abundant  during  June  and  the  early 
part  of  July  but  seemed  to  be  almost  absent  during  the  last  half  of 
July.  Whether  they  were  absent  or  only  silent  was  not  determined 
but  almost  none  were  noted.  Early  in  August  they  became  common 
again  though  the  songs  were  not  as  frequent  as  a  month  earlier. 

Quiscalus  quiscula  aeneus.  Bronzed  grackle.  Common,  though  no 
nests  were  found. 

Astragalinus  tristis.  Goldfinch.  Quite  common,  nesting  from  July 
on.  A  few  nests  were  found.  One  nest  under  construction  found  July 
15,  1924. 

Passer  domesticus.  English  sparrow.  Abundant  everywhere  as 
might  be  expected. 

Pooecetes  gramineus.  Vesper  sparrow.  Not  common,  but  a  few 
were  seen  and  heard  in  the  fields  each  year. 

Spizella  passerina.  Chipping  sparrow.  Common.  Several  occupied 
nests  were  found  and  one  young  was  banded. 

Spizella  pusilla.  Field  sparrow.  Abundant.  Heard  almost  every- 
where.    A  few  nests  were  found. 

Melospiza  melodic/,.  Song  sparrow.  Quite  common.  A  nest  from 
which  young  were  hatched  was  built  only  a  few  feet  from  the  Indiana 
University  Biological  Station  and  was  often  visited. 

Pipilo  erythrophthalmus.  Towhee.  Abundant.  Found  everywhere 
in  the  woods  and  three  nests  were  found,  one  being  observed  from  a 
blind. 

Cardinalis  cardinalis.  Cardinal.  Quite  common  and  at  least  two 
nests  were  found.  This  seems  rather  far  north  for  the  bird  to  be  so 
abundant. 

Zamelodia  ludoviciana.  Rose-breasted  grosbeak.  Quite  common, 
nesting  in  thickets  and  even  in  bushes  in  the  town.  One  nest  was  ob- 
served from  a  blind  and  later  one  of  the  young  was  banded. 
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Passerina  cyanea.  Indigo  bunting.  Common.  More  frequently  ob- 
served east  of  the  lake.  At  least  two  occupied  nests  were  found  and 
three  young  from  one  of  them  banded. 

Spiza  americana.  Dickcissel.  Not  common,  though  frequently 
heard  a  few  miles  northeast  of  town  towards  Chapman's  Lake.  None 
were  observed  near  Winona  Lake. 

Piranga  erythromelas.  Scarlet  tanager.  Common.  Males  often 
heard  and  seen.  Though  no  nests  were  found  there  evidently  were  a 
few  pairs  breeding  in  the  thick  woods. 

Progne  subis.  Purple  martin.  Abundant.  One  of  the  most  char- 
acteristic of  Winona  birds.  Many  martin  houses  throughout  the  town 
have  attracted  them  in  large  numbers  and  most  of  the  houses  are  oc- 
cupied except  where  the  English  sparrows  have  taken  possession. 

Hirundo  erythrogastra.  Barn  swallow.  Fairly  common  in  the  sur- 
rounding country  where  there  are  old  barns. 

Riparia  riparia.  Bank  swallow.  Very  abundant.  A  characteristic 
bird  of  Winona  Lake.     Nests  by  the  hundreds  in  the  gravel  pits. 

Stelgidopteryx  serripennis.  Rough-winged  swallow.  Apparently 
rare.  Noted  only  once  or  twice  in  1924  in  company  with  the  bank 
swallows. 

BombyciUa  cedrorum.  Cedar  waxwing.  Fairly  common.  Frequents 
the  region  of  the  mulberry  trees.  One  nest  was  found  and  several  young 
seen.  One  young  caught  in  one  of  the  buildings  and  was  kept  captive  for 
over  a  month.  It  became  very  tame  and  some  of  its  feeding  habits  were 
noted.  It  seemed  to  prefer  soft  fruits,  particularly  mulberries,  but  ate 
a  number  of  insects  preferring  small  moths  and  crickets.  One  day  it 
was  fed  19  times  at  intervals  of  15  to  GO  minutes.  The  food  during  this 
time  consisted  of  10  blackberries,  41  mulberries,  15  moths  and  11  crickets. 
The  total  weight  of  food  consumed  was  about  60  grams  while  the  bird 
weighed  37  grams.  It  was  banded  and  later  released  at  Lafayette,  In- 
diana. 

Lanius  ludovicianus.  Loggerhead  shrike.  Apparently  rare.  Ob- 
served only  once  in  the  summer  of  1923,  but  reported  to  us  by  others, 
once  in  1924. 

Vireosylva  olivacea.  Reel-eyed  vireo.  Moderately  common  in  the 
thick  woods.     No  nests  were  found. 

Vireosylva  gilva.  Warbling  vireo.  One  of  the  most  abundant  of 
the  summer  birds  nesting  everywhere  in  the  town  yards  and  woods. 
Sings  all  summer.     A  number  of  nests  were  found. 

Dendroica  aestiva.  Yellow  warbler.  Not  particularly  common  but 
three  nests  were  found  and  the  birds  were  seen  each  year. 

Geothlypis  trichas.  Maryland  yellow-throat.  Common  almost  every- 
where especially  near  the  lake.     No  nests  were  found. 

Icteria  virens.  Yellow-breasted  chat.  Not  very  common.  Found 
only  in  the  thickets.     No  nests  were  found. 

Setophaga  ruticilla.  Redstart.  Common.  Seen  oi'ten  in  the  woods 
near  Chicago  Hill  during  June  and  July.     Three  nests  were  found. 

Dumetella  carolinensis.  Catbird.  Very  abundant.  One  of  the  com- 
monest birds  of  Winona  Lake.  Several  nests  were  found  and  four  youn'1; 
ones  banded. 
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Toxostoma  rufum.  Brown  thrasher.  Not  very  common.  A  few 
were  usually  found  around  certain  mulberry  trees  but  they  were  rarely 
seen  elsewhere.     No  nests  were  found. 

Troglodytes  aedon.  House  wren.  Abundant.  One  of  the  character- 
istic birds  of  Winona  Lake.  Many  wren  houses  have  been  put  up  and  all 
of  them  seemed  to  be  occupied. 

Telmatodytes  palustris.  Long-billed  marsh  wren.  Rare.  The  few 
birds  seen  were  probably  this  species.  One  was  seen  on  the  west  side 
of  the  lake  July  4,  1923,  and  three  or  four  at  Lake  Wawasee  July  26. 
1924.  It  was  reported  that  there  were  a  few  pairs  in  a  marsh  on  the 
east  side  of  the  lake  early  in  the  summer  of  1924.  No  nests  were 
found. 

Sitta  carolinensis.  White-breasted  nuthatch.  Not  common.  The 
birds  were  found  pretty  well  distributed  throughout  the  region  but  no 
nests  were  found. 

Boeolophus  bicolor.  Tufted  titmouse.  Common.  Heard  and  seen 
frequently  in  the  woods  on  the  east  shore  of  the  lake.  No  nests  were 
found. 

Penthestes  atricupillvs.  Black-capped  chickadee.  Not  uncommon. 
Several  families  were  seen  near  Boys  City  and  one  nest  was  found. 
None  were  seen  in  1923. 

Hylocichla  mustelina.  Wood  thrush.  Abundant.  One  of  the  char- 
acteristic birds  of  the  region.  Found  both  in  the  woods  and  in  town. 
Seven  nests  were  found  and  two  young  birds  banded. 

Planesticus  migratorius.  Robin.  Abundant  as  might  be  expected. 
Over  30  nests  were  found.  An  interesting  occurrence  of  an  albino 
robin  was  reported  from  Webster  Lake  and  a  photograph  of  the  bird 
was  shown.  It  appeared  pure  white.  On  July  18,  1924,  a  pronounced 
case  of  melanism  was  observed  in  a  young  robin  which  spent  several 
hours  on  the  assembly  grounds.     It  was  almost  black. 

Sialia  sialis.  Bluebird.  Only  moderately  common.  A  young  one 
was  caught  in  the  Summer  School  Building  and  one  nest  was  found. 

Supplementary  List  of  Birds  Reported  by  Others  But  Not  Seen  by  Us. 

Ardea  caerwlea.  Little  blue  heron.  Reported  in  1924  by  Wilson. 
Considering  the  range  of  the  species  the   record   seems  very  doubtful. 

Rallies  virginianus.  Virginia  rail.  Reported  by  Wilson  and  Ben- 
nett.    Possibly  confused  with  the  king  rail. 

Bubo  virginianus.  Great  horned  owl.  Seen  by  Henry  Oldys  in 
deep  woods  five  miles  northeast  of  Warsaw  about  July  18,  1924. 

Petrochelidon  lunifrons.  Cliff  swallow.  Not  common.  Observed 
only  once  by  Fred  Test  and  Carl  Gilpin. 

Lanivirea  flavifrons.  Yellow-throated  vireo.  Reported  by  Mrs. 
Funk  but  may  have  been  confused  with  the  female  scarlet  tanager. 

Dendroica  caerulea,.  Cerulian  warbler.  Reported  as  having  been 
seen  two  or  three  times  by  Carl  Gilpin  and  Fred  Test.  Is  quite  prob- 
able. 

Protonotaria  citrea.  Prothonotary  warbler.  Reported  as  seen  July 
25th  by  Fred  Test  and  Carl  Gilpin.     Seems  quite  probable. 
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